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THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 

APPLICATION NUMBER: PCT/US 04/03 600 
FILING DATE: February 05, 2004 

RELATED PCT APPLICATION NUMBER: PCT/US04/06308 



THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY 
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS 
CONVENTION, IS USPCT/US04/03600 



By Authority of the 

Under Secretary of Commerce for Intellectual Property 

and Director of the United States Patent and Trademark Office 






M. TARVER 
Certifying Officer 
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PCT 



REQUEST 

The undersigned requests that the present 
international application be processed 
according to the Patent Cooperation Treaty. 



For receiving Office use only 



PCT/US 04/036 00 

International Application No. 



International Filing Date 



Name of receiving Office and "PCT International Application" 

Applicant's or agent's file reference PROL— PWO— 039 
(if desired) (12 characters maximum) 



Box No. I 



TITLE OF INVENTION 



POSH ASSOCIATED KINASES AND RELATED METHODS 



Box No. II 



APPLICANT 



| | This person is also inventor 



Name and address: (Family name followed by given name; for a legal entity. Jull official designation. 
The address must include postal code and name of country. The country of the address indicated m this 
Box is the applicant s State (thai is, country) of residence if no State of residence is indicated below.) 

PROTEOLOGICS , INC . 
4 0 Ramland Road South 
Suite 10 

Orangeburg, New York 10962 
United States of America 



Telephone No. 



Facsimile No. 



Teleprinter No. 



Applicant's registration No. with the Office 



State (thai is, country) of nationality: 

US 



State (that is, country) of residence: 

US 



This person is applicant 



□ all designated 
States LiU the United States of America 



all designated States except I I the United States 
I 1 of America only 



□ 



the States indicated in 
the Supplemental Box 



Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (Family name followed by given name; for a legal entity. Jull official designation. 
The address must include postal code and name of country. The country of the address indicated m this 
Box is the applicant s State (that is, country) of residence if no State of residence is indicated below.) 

ALROY, Iris 
Hashirion Street 10/17 
74 065 Nes Ziona 
Israel 



111 is person is: 
| | applicant only 
| x [ applicant and inventor 

□ inventor only (If this check-box 
is marked, do not fill in below.) 



Applicant's registration No. with the Office 



State (that is. country) of nationality : 

IL 



State (that is, country) of residence : 

IL 



This person is applicant I 1 all designated I 1 all designated States except 

I | Slates I I the United States of America 



for the purposes of: 



the United States 
of America only 



□ 



the States indicated in 
the Supplemental Box 



| x j Further applicants and/or (further) inventors are indicated on a continuation sheet. 



Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below is hereby/has been appointed to act on behalf I x | 

of the applicants) before the competent International Authorities as: l_l 



agent 



I I r< 



common 
representative 



Name and address: (Family name followed by given name, for a legal entity, Jull official designation 
The address must include postal code and name of country.) 

QUISEL, John D. 
Ropes & Gray LLP 
One International Place 
Boston, Massachusetts 02110-2624 
United States of America 



Telephone No. 

(617) 951-7685 



Facsimile No. 

(617) 951-7050 



Teleprinter No. 



Agent's registration No. with the Office 
47,87 4 



□ 



Address for correspondence: Mark this check-box where no agent or common representative isyhas been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 



Form PCT/RO/101 (first sheet) (January 2004) 
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Continuation of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 

If none of the following sub-boxes is used, this sheet should not be included in the request. 


Name and address: (Family name followed by given name, for a legal entity, foil official designation. 
The address must include posted code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated below.) 

TAGLICHT, Daniel N. 
Israel 


This person is: 

(j applicant only 

[ x | applicant and inventor 

1 I inventor only (If this check-box is 
" ' marked, do not fill in below.) 

Applicant's registration No. with the Office 


State (that is, country) of nationality: 


State (that is. country) of residence: 

IL 


This person is applicant I | all designated j 1 all designated States except | 1 the United States [ I the States indicated in 
for the purposes of: 1 1 States 1 1 the United States of America 1 X 1 of America only | | the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is, country) of residence if no State of residence is indicated below) 

REISS, Yuval 
Hahavazelet 11/6 
Kiriat-ono 
Israel 


This person is: 

| j applicant only 

\ x | applicant and inventor 

I 1 inventor only (If this check- box is 
■ 1 marked, do not fill in below.) 

Applicant's registration No. with the Office 


State (that is, country) of nationality: 

IL 


State (that is, country) of residence: 

IL 


This person is applicant I 1 all designated 1 1 all designated States except I „ I the United States 1 1 the States indicated in 
for the purposes of: 1 1 States 1 1 the United States of America ! J of America only | | the Supplemental Box 


Name and address: (Family name fallowed by given name; for a legal entity, full official designation. 
Ihe address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated below) 

YAAR, Liora 

8 Kalisher Street 

4 3354 Raanana 

Israel 


This person is: 

| [ applicant only 

| x | applicant and inventor 

[ 1 inventor only (If this check-box is 
' ' marked, do not fill in below.) 

Applicant's registration No. with the Office 


State (that is, country) of nationality: 

IL 


State (that is, country) of residence: 

IL 


This person is applicant 1 1 all designated I | all designated States except r~~~| the United States | I the States indicated in 

for the purposes of: 1 J States 1 1 the United States of America | | of America only | | the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated below.) 

TUVIA, Shmuel 
Hartzit 1 
i 4 2490 Netanya 
Israel 


This person is: 

| | applicant only 

| x | applicant and inventor 

1 inventor only (If this check-box is 
* ' marked, do not Jill in below.) 

Applicant's registration No. with the Office 


State (that is, country) of nationality: 

IL 


State (that is, country) of residence: 

IL 


This person is applicant 1 1 all designated I 1 all designated States except the United States 1 | the States indicated in 
for the purposes of: 1 1 States | | the United States of America | | of America only 1 1 the Supplemental Box 


[ | Further applicants and/or (further) inventors are indicated on another continuation sheet. 
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Supplemental Box 7/" tf»e Supplemental Box is not used, this sheet should not be included in the request. 



/. If in any of the Boxes except Boxes Nos. VIII0) to (v) for which 
a special continuation box is provided, the space is insufficient to 
furnish all the information, in such case, write "Continuation of 
box No .. " (indicate the number of the Box) and furnish the 
information in the same manner as required according to the 
captions of the Box in which the space was insufficient, in 
particular: 

(i) if more than two persons are to be indicated as applicants 
and/or inventors and no "continuation sheet" is available: in 
such case, write "Continuation of Box No. HI" and indicate for 
each additional person the same type of information as required 
in Box No. 111. The country of the address indicated in this Box 
is the applicant "j State (that is, country) of residence if no State 
of residence ts indicated below, 

(n) *f, in Box No II or in any of the sub-boxes of Box No. Ill, the 
indication **the States indicated in the Supplemental Box" is 
checked: in such case, write "Continuation of Box No. II" or 
"Continuation of Box No III" or "Continuation of Boxes No II 
and No. Ill" (as the case may be), indicate the name of the 
applicants) involved and, next to (each) such name, the State(s) 
(and/or, where applicable, ARIPO, Eurasian, European or 
OAPI patent) for the purposes of which the named person is 
applicant: 

(hi) if, in Box No. II or in any of the sub-boxes of Box No III, the 
inventor or the inventor/applicant is not inventor for the 
purposes of all designated States or for the purposes of the 
United States of America: in such case, write "Continuation of 
Box No TV or "Continuation of Box No. Ill" or "Continuation 
of Boxes No II and No. Ill" (as the case may be), indicate the 
name of the inventor(s) and, next to (each) such name, the State(s) 
(and/or, where applicable, ARIPO, Eurasian, European or 
OAPI patent) for the purposes of which the named person is 
inventor: 

(ry) if in addition to the agent(s) indicated in Box No. IV, there are 
further agents: in such case, write "Continuation of 
Box No. IV" and indicate for each further agent the same type 
of information as required in Box IV: 



Continuation of Box No. IV: 

Steven Baglio, 51,426; J. Steven Baughman, 47,414; 
Mark W. Bellomy, 51,452; Johnny Y. Chen, 46,614; 
James P. Demers, 34,320; Gojeb L. Frehywot, 52,916; 
Gloria Fuentes, 47,580; Gregory Glover, 34, 173; 
William G. Gosz, 27,787; Patricia Grananan, 32,227; 
Z. Angela Guo, 54,144; David P. Halstead, 44,735; 
Margaret E. Jamroz, 54,196; Edward J. Kelly, 38,936; 
Charles Larsen, 48,533; Agnes S. Lee, 46,862; Paul 
E. Lewkowicz, 44,870; Weishi Li, 53,217; Yu Lu, 
50,306; Alexander Manganiello, 53,264; Robert A. 
Mazzarese, 42,852; Christopher Natkanski, 50,365; R. 
Daniel O'Connor, P54,343; Ignacio Perez de la Cruz, 
P55,535; John D. Quisel, 47,874; Melissa S. Rones, 
Ph.D., 54,408; Spencer H. Schneider, 45,923; Sanjay 
Sitlani, 48,489; Wolfgang E. Stutius, 40,256; Erika 
Takeuchi, 55,661; Anita Varma, 43,221; Matthew P. 
Vincent, 36,709; Dalila Argaez Wendlandt, 52,351; 
and Levina Wong, P54,551 

And all other agents of: 

ROPES & GRAY LLP, Patent Group 
One International Place 
Boston, Massachusetts 02110-2 624 
United States of America 

Customer ID No: 28,120 



BoxNo.VI PRIORITY CLAIM 
Item (4) 



(v) if. m Box No. VI. there are more than three earlier applications 16/09/03 60/503-931 US 

whose priority is claimed, in such case, write "Continuation of -%grc * k~ iaai 
Box No VI " and indicate for each additional earlier application September 20(13 

the same type of information as required in Box No. VI. 

2. If the applicant intends to make an indication of the wish that 
the international application be treated, in certain designated 
States, as an application for a patent of addition, certificate of 
addition, inventor's certificate of addition or utility certificate 
of addition: m such a case, write the name or two-letter code 
of each designated States concerned and the indication "patent 
of addition, " "certificate of addition, " "inventor's certificate 
of addition "or " utility certificate of addition, " the number of 
the parent application or parent patent or other parent grant 
and the date of grant of the parent patent or other patent grant 
or the date of filing of the parent application (Rules 4.11 (a) (lii) 
and 49bis.I(a) or (b)). 

3. If the applicant intends to make an indication of the wish that the 
international application be treated, in the United States of 
America, as a continuation or continuation-in-part of an earlier 
application: in such a case, write "United States of America" 
or "US" and the indication "continuation" or "continuation- 
in-part" and the number and the filing date of the parent 
application (Rules 4.II(a)(rv) and49bis 1(d)) 
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Box No. V DESIGNATIONS 

The filing of this request constitutes under Rule 4.9(a), the designation of all Contracting States bound by the PCT on the international 
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents. 

H owev er, 

| | DK Germany is not designated for any kind of national protection. 

[ | KR Republic of Korea is not designated for any kind of national protection. 

[ [ RU Russian Federation is not designated for any kind of national protection. 

(The check- boxes above may be used to exclude (irrevocably) the designations concerned in order to avoid the ceasing of the effect, under 
the national law, of an earlier national application from which priority is claimed. See the Notes to Box No. V as to the consequences of 
such national law provisions in these and certain other Stales ) 

Box No. VI PRIORITY CLAIM 



The priority of the following earlier application(s) is hereby claimed: 



Filing date 
of earlier application 
(day/month/year) 


Number 
of earlier application 


Where earlier application is: 


national application: 
country or Member 
ofWTO 


regional application: * 
regional Office 


international application 
receiving Office 


item (1) 


05/02/03 
05 February 2003 


60/445,534 


US 






item (2) 


03/03/03 
03 March 2003 


60/451, 437 


US 






item (3) 


21/04/03 
21 April 2003 


60/464,285 


us 






| X | * Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application^) (only if 
the earlier application was filed with the Office which for the purposes of this international application is the receiving Office) identified 
above as: 

fx] all items item(l) item (2) \^\ item (3) Q other, sec Supplemental Box 

* Where the earlier application is an AR1PO application, indicate at least one country party to the Paris Convention for the Protection of 
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4.10(b)(ii)): 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) (if two or more International Searching Authorities are competent to carry out the 
international search, indicate the Authority chosen; the two-letter code maybe used); 

ISA /US 

Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or requested from the 
International Searching Authority): 

Date (day/month/year) Number Country (or regional Office) 



Box No. VIII DECLARATIONS 



The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable Number of 

check-boxes below and indicate in the right column the number of each type of declaration): declarations 

i [ Box No. VIII (i) Declaration as to the identity of the inventor : 

| J Box No. VU1 (ii) Declaration as to the applicant's entitlement, as at the international filing 
date, to apply for and be granted a patent 

I Box No. VT1I (iii) Declaration as to the applicant's entitlement, as at the international filing 

date, to claim the priority of the earlier application 

[ I Box No. VHI (iv) Declaration of inventorship (only for the purposes of the designation of the 
United States of America 

| | Box No. VHI (v) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty : 
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Box No. IX CHECK LIST; LANGUAGE OF FILING 



This international application contains: 



(a) in paper form, the following number of 
sheets: 



request (including 
declaration sheets) 
description (excluding 
sequence listings and/or 
tables related thereto) 

Claims 

Abstract 

Drawings 

Sub-total number of sheets 
sequence listings 
tables related thereto 

(for both, actual number of sheets 
ij 'filed in paper form, whether 
or not also filed in computer 

readable form; see (c) below) 



119 
10 
1 

33 



168 



Total number of sheets 168 

(b) | | only in computer readable form 

(Section 80 l(a)(i)) 

(i) 1 sequence listings 

(ii) | tables related thereto 

(c) | | also in computer readable form 
(Section 80 1 (aX")) 

(i) | 1 sequence listings 
(a) | [ tables related thereto 

Type and number of carriers (diskette, 
CD-ROM, CD-R or other) on which are 
contained the 

i Z] se£ l uence listing: 



□ 



tables related thereto: 

(additional copies to be indicated under 
items 9(H) and/or 10(u), in right column) 



This international application is accompanied by the following 
item(s) (mark the applicable check-boxes below and indicate in 
righ t colu mn the number of each item): 

1 . | x | fee calculation sheet 

2. | [ original separate power of attorney 

3. | [ original general power of attorney 

4. | [ copy of general power of attorney; reference number, 

if any: 

5. | [ statement explaining lack of signature 

6. | [ priority documents) identified in Box No. VI as 

item(s): 

7.1 translation of international application into 
(language): 

8. | separate indications concerning deposited microorganisms 
* ' or other biological material 

9, sequence listing in computer readable form 
' ' (indicate type and number of carriers) 

(i) | I copy submitted for the purposes of international search under 
■ 'Rule \3ter only (and not as part of the international 

application) 

(ii) I I (only where check-box (b)(i) or (c)(i) is marked in left column) 
'additional copies including, where applicable, the copy for the 

purposes of international search under Rule 13/er 

(iii) I I together with relevant statement as to the identity of the copy or 

copies with the sequence listings part mentioned in left column 
10 tables in computer readable form related to sequence listing 
(indicate type and number of carriers) 

I copy submitted for the purposes of international search under 

1 'Section 802 Qo-quater) only (and not as part of the 

international application) 

(ii) | \ ( on (y where check-box (b)(U) or (c)(it) is marked in left column) 

additional copies including, where applicable, the copy for the 
purposes of international search under Section 802 (h-quater) 

(hi)[ [together with relevant statement as to the identity of the copy 
1 'or copies with the tables mentioned in left column 

11. X other (specify): 



Return postcard from RO/US confirm 
receipt of PCT & ends . 



Number 
ofitems 



Figure of the drawings which 
should accompany the abstract: 



Language of filing of the international application: English 



Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signature, indicate the name of the person signing and the capacity m which the person signs (if such capacity «• not obvious from reading the request) 



John D. Quisel, Agent for Applicant (s ) 
ROPES & GRAY LLP 



I Date of actual receipt of the purported 
international application: 



— For receiving Office use only — — — _ 

<7H2f!ec'dPCT/PT0 0 5 FEB 2004 



3 Corrected date of actual receipt due to later but timely received papers or 
drawings completing the purported international application: 



Date of timely receipt of the required 
corrections under PCf Article 1 1(2): 



2. Drawings: 
| [ received: 
| | not received: 



5 . International Searching Authority 
(if two or more are competent: 



ISA/ 



5 I Transmittal of search copy delayed 
1 * until search fee is paid. 



Date of receipt of the record copy 
by the International Bureau: 



For International Bureau use only 
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Applicant's or agent's 
file reference 



FEE CALCULATION SHEET 
Annex to the Request 



PROL-PWO-039 



Applicant 



Proteologics, Inc., et al . 



PCT/Ub 04/036 00 

International Application No. v ^ * W WW 



Date stamp of the receiving Office 



CALCULATION OF PRESCRIBED FEES 
I. TRANSMIT TAL FEE ^ 



300.00 | T | 



US 



2. SEARCH FEE 

International search to be earned out by 

Of t**> or mam hztcmatimil Searchii^ Authorities are competent to cany out the 
nUemahonal search. adkxJethetmnic of the Authority ntuch is chosen to cany out 
the oitenxtfiancj search) 

3. INTERNATIONAL FILING FEE 

Where item (b) and/or (c) of Box No. IX apply, enter Sub-total number of sheets 
Where item (b) and (c) ofBox No. IX do not apply, enter Total number of sheets 



i 1,000.00 nn 



} 168 



H ^©sheets | 1,035.00 



138 



number of sheets in 
excess of30 



$11.00 = [_ 
tee per sheet 



1,518.00 ]~lT| 



I i3 I additional component (only if sequence listing and /or tables related 

' ' thereto ane filed in computer rcadable form under Section 801(aXiX 

or both in that form and on paper, under Section 801 (aXii)): 



400 



= L 



fee per sheet 

Add amounts entered at i 1 , i2 and i3 and enter total at I . 

(Applicants fmn cerium States are entitled to a reduction of 75% of the international Joe. 
Where the applicant is (or ail applicants are) unentitled, the total to be entered at Its 25% of the 
ntlemcaianalftlinxjve. ) 

FEE FOR PRIORITY DOCUMENT (if applicable) .... 



1 2,553.00 | T | 

i 



80. 00 



SB 



TOTAL FEES PAYABLE 

Add amounts entered at T, I and P, and enter total in the TOTAL bcoc 



3, 933. 00 



TOTAL 



MODE OF PAYMENT 

authorization to charge 



Q authorization to charge i i 

deposit account (see below) [ | Postal money order 

| | cheque | | bank draft 



□ 



cash 



□ 



coupons 



1 | revalue stamps | | other&*cj^- 



US 



AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT 

(This mode of payment may not be available at all receiving Offices) 

ReccrvingOfficecRCy _____ 

[Zl Authorization to charge the total fees indicated above. Deposit Account Na: 18-1945 

I X I ^« check-box may be marked only if the conditions for deposit _ _ , 

1 ■ account (/ reoervwg ojee to pewii/J Authorization to charge Date: 5 February 2004 



any deficiency or credit any overpayment in the total fees indicated 
above. 

| x| Authorization to charge the fee for priority document. 



Name: John D . Quisel 
Signature: (^ / \>^ s ^ 
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POSH ASSOCIATED KINASES AND RELATED METHODS 

RELATED APPLICATIONS 

This application claims the benefit of priority of U.S. Provisional 
Application number 60/445,534 filed February 5, 2003; U.S. Provisional 
5 Application number 60/451,437 filed March 3, 2003; U.S. Provisional Application 
number 60/464,285 filed April 21, 2003; and U.S. Provisional Application number 
60/503,931 filed September 16, 2003. The entire teachings of the referenced 
Provisional Applications are incorporated herein by reference in their entirety. 

10 BACKGROUND 

Potential drug target validation involves determining whether a DNA, RNA 
or protein molecule is implicated in a disease process and is therefore a suitable 
target for development of new therapeutic drugs. Drug discovery, the process by 
which bioactive compounds are identified and characterized, is a critical step in the 

15 development of new treatments for human diseases. The landscape of drug 
discovery has changed dramatically due to the genomics revolution. DNA and 
protein sequences are yielding a host of new drug targets and an enormous amount 
of associated information. 

The identification of genes and proteins involved in various disease states or 

20 key biological processes, such as inflammation and immune response, is a vital part 
of the drug design process. Many diseases and disorders could be treated or 
prevented by decreasing the expression of one or more genes involved in the 
molecular etiology of the condition if the appropriate molecular target could be 
identified and appropriate antagonists developed. For example, cancer, in which one 

25 or more cellular oncogenes become activated and result in the unchecked 
progression of cell cycle processes, could be treated by antagonizing appropriate cell 
cycle control genes. Furthermore many human genetic diseases, such as 
Huntington's disease, and certain prion conditions, which are influenced by both 
genetic and epigenetic factors, result from the inappropriate activity of a polypeptide 

30 as opposed to the complete loss of its function. Accordingly, antagonizing the 
aberrant function of such mutant genes would provide a means of treatment. 
9351896_2 



Additionally, infectious diseases such as HIV have been successfully treated with 
molecular antagonists targeted to specific essential retroviral proteins such as HIV 
protease or reverse transcriptase. Drug therapy strategies for treating such diseases 
and disorders have frequently employed molecular antagonists which target the 
5 polypeptide product of the disease gene(s). However, the discovery of relevant gene 
or protein targets is often difficult and time consuming. 

One area of particular interest is the identification of host genes and proteins 
that are co-opted by viruses during the viral life cycle. The serious and incurable 
nature of many viral diseases, coupled with the high rate of mutations found in many 
10 viruses, makes the identification of antiviral agents a high priority for the 
improvement of world health. Genes and proteins involved in a viral life cycle are 
also appealing as a subject for investigation because such genes and proteins will 
typically have additional activities in the host cell and may play a role in other non- 
viral disease states. 

15 Other areas of interest include the identification of genes and proteins 

involved in cancer, apoptosis and neural disorders (particularly those associated with 
apoptotic neurons, such as Alzheimer's disease). 

It would be beneficial to identify proteins involved in one or more of these 
processs for use in, among other things, drug screening methods. Additionally, once 

20 a protein involved in one or more processes of interest has been identified, it is 
possible to identify proteins that associate, directly or indirectly, with the initially 
identified protein. Knowledge of interactors will provide insight into protein 
assemblages and pathways that participate in disease processes, and in many cases 
an interacting protein will have desirable properties for the targeting of therapeutics. 

25 In some cases, an interacting protein will already be known as a drug target, but in a 
different biological context. Thus, by identifying a suite of proteins that interact 
with an initially identified protein, it is possible to identify novel drug targets and 
new uses for previously known therapeutics. 



30 SUMMARY 

The disclosure provides, in part, novel interactions between protein kinases 
and the protein POSH (Plenty Of SH3 domains). In addition, the disclosure 
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provides novel uses for agents that modulate POSH-associated kinases (POSH- 
AKs). For example, the disclosure provides methods for treating viral disorders and 
POSH-associated cancers by administering an agent that modulates the activity of a 
POSH-associated kinase. Furthermore, the disclosure provides novel uses for agents 
5 that modulate POSH; such agents may be used to affect processes that are regulated 
by POSH-associated kinases. The disclosure also provides a multitude of screening 
assays and assays for evaluating novel effects of compounds that have already been 
identified as modulators of POSH or a POSH-AK. Other aspects and embodiments 
are presented below. 

1 0 By providing novel POSH:POSH-AK interactions, the application provides, 

in part, methods for modulating a process that POSH participates in by targeting a 
POSH-AK o r t he P OSH:POSH-AK i nteraction. F urthermore, b y p roviding n ovel 
POSH:POSH-AK interactions, the application provides, in part, methods for 
modulating a process that a POSH-AK participates in by targeting POSH. As one of 

1 5 skill in the art can readily appreciate, a POSH protein may form multiple different 
complexes with POSH-AKs, depending on the biological context. 

In certain aspects, the application provides an isolated, purified or 
recombinant polypeptide complex comprising a POSH polypeptide and a POSH- 
AK. In certain embodiments, the complex comprises a POSH-AK that interacts 

20 with a POSH polypeptide in a yeast two-hybrid assay or an immunoprecipitation. In 
certain embodiments, a POSH-AK is a PKA subunit polypeptide selected from the 
group consisting of: PRKAR1 A, PRKACA, and PRKACB. In other embodiments, 
the POSH polypeptide is human POSH polypeptide and the POSH-AK is a kinase of 
a Rac-JNK signaling pathway (also referred to herein as the JNK signaling 

25 pathway), w hich i s s elected from t he group c onsisting o f M LK 1 , M LK2, M LK3, 
MKK4, MKK7, JNK1 and JNK2. In certain embodiments, the POSH polypeptide is 
a POSH RING domain, such as the RING domain of SEQ ID NO:26 or a 
polypeptide at least 90% identical to SEQ ID NO:26. In certain embodiments, the 
POSH polypeptide is a POSH SH3 domain, such as the SH3 4 domain of SEQ ID 

30 NO:30 or a polypeptide at least 90% identical to SEQ ID NO:30. In certain 
embodiments, a complex comprises a POSH polypeptide lacking a RING domain 
and a PKA subunit polypeptide selected from the group consisting of: PRKAR1A, 
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PRKACA, and PRKACB. In certain embodiments, a complex comprises a portion 
of a naturally occurring POSH sufficient to interact with the POSH-AK. 

In certain aspects the application provides methods for identifying an agent 
that modulates an activity of a POSH polypeptide or POSH-AK by identifying an 
5 agent that disrupts the interaction between a POSH polypeptide and a POSH-AK. In 
certain embodiments, the method comprises identifying an agent that disrupts a 
complex comprising a POSH polypeptide and a POSH-AK, wherein an agent that 
disrupts such a complex is an agent that modulates an activity of the POSH 
polypeptide or the POSH-AK. Often, an agent identified in this manner will affect 

10 both POSH and POSH-AK activities. Optionally the POSH-AK is a PKA, which 

may comprise a subunit such as PRKAR1 A, PRKACA or PRKACB. Optionally the 
POSH-AK is a kinase of the JNK pathway, such as MUC1, MLK2, MLK3, MKK4, 
MKK7, JNK1 or JNK2. 

In one embodiment, the application provides a method of identifying an 

15 antiviral agent, comprising: (a) identifying a test agent that disrupts a complex 

comprising a POSH polypeptide and a POSH-AK or a subunit of a POSH-AK; and 
(b) evaluating the effect of the test agent on a function of a virus, wherein an agent 
that inhibits a pro-infective or pro-rep licative function of a virus is an antiviral 
agent. In general, the agent may inhibit any function of a virus that the virus 

20 employs in mounting and/or maintaining an infection in a host. Optionally, the virus 
is an envelope virus, such as a lentivirus (e.g., HIV or MMuLV), a flavivirus (e.g., 
West Nile virus) or a hepatitis virus (e.g., HBV, HCV). A variety of methods may 
be employed to evaluate the effect the test agent on a function of the virus, including 
in vitro (e.g. biochemical) assays, cell-based assays, animal based assays or human 

25 clinical trials. As an example, evaluating the effect of the test agent on a function of 
the virus may comprise evaluating the effect of the test agent on the budding or 
release of the virus or a virus-like particle. Optionally the POSH-AK is a PKA, 
which may comprise a subunit such as PRKAR1 A, PRKACA or PRKACB. 
Optionally the POSH-AK is a kinase of the JNK pathway, such as MLK1 , MLK2, 

30 MLK3, MKK4, MKK7, JNK1 or JNK2. 

In one embodiment, the disclosure provides a method of identifying an anti- 
apoptotic agent, comprising: (a) identifying a test agent that disrupts a complex 
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comprising a POSH polypeptide and a POSH-AK or a subunit of a POSH-AK; and 
(b) evaluating the effect of the test agent on apoptosis of a cell,wherein an agent that 
decreases apoptosis of the cell is an anti-apoptotic agent. In a preferred 
embodiment, the POSH polypeptide is a human POSH polypeptide (or a functional 
5 fragment thereof) and the POSH-AK is a kinase of the JNK pathway, such as 

MLK1, MLK2, MLK3, MKK4, MKK7, JNK1 or JNK2. A variety of methods may 
be employed to evaluate the effect the test agent on apoptosis of a cell, including 
cell-based assays using molecular markers of apoptosis or cell death, for example, 
animal based assays or human clinical trials. 

10 In certain embodiments, the disclosure provides a method of identifying an 

anti-cancer agent, comprising: (a) identifying a test agent that disrupts a complex 
comprising a POSH polypeptide and a POSH-AK or a subunit of a POSH-AK; and 
(b) evaluating the effect of the test agent on proliferation or survival of a cancer cell, 
wherein an agent that decreases proliferation or survival of a cancer cell is an anti- 

15 cancer cell. In preferred embodiments, the cancer cell is derived from a POSH- 
associated cancer. Optionally the POSH-AK is a PKA, which may comprise a 
subunit such as PRKAR1 A, PRKACA or PRKACB. Optionally the POSH-AK is a 
kinase of the JNK pathway, such as MLK1, MLK2, MLK3, MKK4, MKK7, JNK1 
or JNK2. 

20 In certain embodiments, the disclosure provides a method of identifying an 

agent that inhibits trafficking of a protein through the secretory pathway, 
comprising: (a) identifying a test agent that disrupts a complex comprising a POSH 
polypeptide and a POSH-AK or a subunit of a POSH-AK; and (b) evaluating the 
effect of the test agent on the trafficking of a protein through the secretory pathway. 

25 By trafficking is meant localization to or within the secretory pathway, processing in 
the secretory pathway (e.g., glycosylation, lipid modification, disulfide 
isomerization) or passage through the secretory pathway to a cellular or extracellular 
location such as the extracellular matrix, the extracellular medium, the plasma 
membrane or a cellular compartment such as a lysosome or endosome. Optionally, 

30 the method comprises evaluating the effect of the test agent on the trafficking of a 
myristoylated protein through the secretory pathway. Optionally the method 
comprises evaluating the effect of the test agent on the trafficking of a viral protein 
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through the secretory pathway. Examples of proteins that may be monitored include 
HIV Gag, HIV Nef, Rapsyn, Src and Phospholipase D (PLD). 

In certain aspects, the application provides an isolated antibody, or fragment 
thereof, specifically irnmunoreactive with an epitope of a sequence selected from the 
5 group consisting of SEQ ID NO: 2 which antibody disrupts the interaction between 
a polypeptide of SEQ ID NO: 2 and a POSH-AK. In a preferred embodiment, the 
antibody or fragment thereof disrupts the interaction between a POSH domain and a 
POSH-AK selected from the group consisting of: PRKAR1A, PRKACA, and 
PRKACB. 

10 In certain aspects, the application provides methods of inhibiting viral 

infections comprising administering an agent to a subject in need thereof wherein 
said agent inhibits the interaction between a POSH polypeptide and a POSH-AK. 
Optionally, the virus is an envelope virus, such as a lenti virus (e.g., HIV or 
MMuLV), a flavivirus (e.g., West Nile virus) or a hepatitis virus (e.g., HBV, HCV). 

15 In certain aspects, the application provides methods for identifying an 

antiviral, anti-cancer or antiapoptotic agent comprising: a) providing a POSH- 
AK polypeptide and a test agent; and b) identifying a test agent that binds to the 
POSH-AK polypeptide. In certain aspects the method comprises a) contacting a 
POSH-AK polypeptide with a test agent, and b) identifying a test agent that 

20 modulates an activity of the POSH-AK. Preferred POSH-AKs for use in such a 
method include a PKA subunit polypeptide (e.g., PRKAR1A, PRKACA, or 
PRKACB). In certain aspects, the application provides methods for identifying an 
antiviral, a nti-cancer o r a ntiapoptotic a gent c omprising: a ) p roviding a POSH-AK 
polypeptide and a test agent; and b) identifying a test agent that modulates activity 

25 of the POSH-AK polypeptide. Preferred POSH-AKs for use in such a method 
include a PKA subunit polypeptide (e.g., PRKAR1 A, PRKACA, or PRKACB). 

In certain aspects, the application provides methods of inhibiting viral 
infections comprising administering an agent to a subject in need thereof wherein 
said agent modulates the activity of a POSH-AK. In certain preferred embodiments, 

30 the POSH-AK is a PKA subunit polypeptide (e.g., PRKAR1A, PRKACA, or 
PRKACB). 
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In certain aspects, the disclosure provides methods of treating or preventing a 
viral infection in a subject by inhibiting a POSH-AK. A method may comprise 
administering, to a subject in need thereof, an agent that inhibits a POSH-AK in an 
amount sufficient to inhibit the viral infection. An agent for use in such a method 
5 may be an agent that, for example, inhibits a kinase activity of the POSH-AK, 
inhibits expression of a POSH-AK, inhibits interaction between kinase subunits, 
inhibits the interaction between the POSH-AK and POSH. Optionally, the POSH- 
AK comprises a polypeptide selected from the group consisting of: PRKAR1A, 
PRKACA, and PRKACB. In certain embodiments, the subject is infected with an 

10 envelope virus, such as a lenti virus (e.g., HIV or MMuLV), a flavivirus (e.g., West 
Nile virus) or a hepatitis virus (e.g., HBV, HCV). The agent may be an siRNA 
construct comprising a nucleic acid sequence that hybridizes to an mRNA encoding 
the POSH-AK or a subunit of the POSH-AK. The agent may also be a small 
molecule inhibitor of the POSH-AK kinase activity, such as, in the case of PKA, 

15 adenosine cyclic monophosphorothioate, isoquinolinesulfonamide, piperazine, 
piceatannol, and ellagic acid. 

In certain aspects, the disclosure provides methods for identifying an agent 
that modulates a POSH function, comprising: (a) identifying an agent that modulates 
a POSH-AK; and (b) testing the effect of the agent on a POSH function. In certain 

20 aspects the disclosure provides methods for evaluating the effect of an agent on a 
POSH function, comprising: (a) providing an agent that modulates a POSH-AK; and 
(b) testing the effect of the agent on a POSH function. Optionally, the POSH-AK is 
PRKAR1A, PRKACA, and PRKACB, JNK1, JNK2, MLK1, MLK2, MLK3, 
MKK4, and MKK7. The effect of an agent on POSH function may be assessed in 

25 any number of ways, including in vitro (e.g. biochemically), in a cell-based assay, in 
an animal based assay or in a human clinical trial. For example, testing the effect of 
the agent on a POSH function may comprise testing the effect of the agent on the 
production of viral particles or virus like particles in a cell (cultured or situated in a 
mammalian subject) infected with an envelope virus. In another embodiment, 

30 testing the effect of the agent on a POSH function comprises testing the effect of the 
agent on POSH-mediated phosphorylation of a JNK pathway kinase. In a further 
embodiment, testing the effect of the agent on a POSH function may comprise 
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testing the effect of the agent on a POSH enzymatic activity, such as ubiquitin ligase 
activity (e.g., POSH autoubiquitination). In an additional embodiment, testing the 
effect of the agent on a POSH function comprises testing the effect of the agent on 
POSH-mediated localization or secretion of a protein. In an additional embodiment, 
5 testing the effect of the agent on a POSH function comprises testing the effect of the 
agent on the interaction of POSH with a POSH associated protein, such as a a small 
GTPase (e.g., Rac or Chp). The test agent may be essentially any substance, 
including, for example an antisense nucleic acids, siRNA constructs, small 
molecules, antibodies and polypeptides. Assays of this type may be used to identify 
10 agents that modulate POSH-related disorders, such as viral infections, POSH- 
associated cancers. Additionally, assays of this type may be used to identify agents 
that modulate POSH-mediated processes, such as trafficking of certain proteins 
(e.g., myristoylated proteins) in the secretory pathway and apoptosis. The effect of 
an agent on any of these POSH-related disorders and POSH-mediated processes may 
15 be evaluated. 

In certain aspects, the application provides methods for identifying an 
antiviral agent comprising: (a) identifying a test agent that inhibits an activity of or 
expression of a POSH-AK or a subunit of the POSH-AK; and (b) evaluating an 
effect of the test agent on a function of a virus. In certain aspects, the application 
20 provides methods for evaluating an antiviral agent comprising: (a) providing a test 
agent that inhibits an activity of or expression of a POSH-AK or a subunit of the 
POSH-AK; and (b) evaluating an effect of the test agent on a function of a virus. 
Optionally the virus is an envelope virus, such as a lentivirus (e.g., HIV or 
MMuLV), a flavivirus (e.g., West Nile virus) or a hepatitis virus (e.g., HBV, HCV). 
25 A variety o f methods maybe used in evaluating the effect of the test agent on a 
function of the virus comprises. For example, one may evaluate the effect of the test 
agent o n t he b udding o r r elease o f t he v irus o r a v irus-tike p article. Budding o r 
release may be measured, for example, by detecting the presence of viral particles or 
polypeptides thereof in the extracellular medium, which may be accomplished by 
30 Western blot, detection of a viral protein activity (e.g., reverse transcriptase activity 
in the case of retroviruses such as HIV), the detection of a labeled viral protein, etc. 
Optionally the POSH-AK is PKA. The test agent may be essentially any substance, 
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such as an antisense nucleic acid, an siRNA construct, a small molecule, an antibody 
or a polypeptide. 

In certain aspects, the application provides methods for identifying an agent 
that modulates a function of a POSH-AK. Such a method may comprise (a) 
5 identifying an agent that modulates POSH; and (b) testing the effect of the agent on 
a POSH-AK function. In certain aspects, the application provides methods for 
evaluating an agent that modulates a POSH-AK function, comprising: (a) providing 
an agent that modulates POSH; and (b) testing the effect of the agent on a POSH- 
AK function. Optionally the POSH-AK is PKA. Optionally, the POSH-AK is 
10 kinase in the JNK pathway. Testing the effect of the agent on a POSH-AK function 
may comprise contacting a cell with the agent and measuring the effect of the agent 
on phosphorylation of a PKA substrate in the cell. Testing the effect of an agent on 
a POSH-AK may involve detecting a biological process mediated by the POSH-AK. 
For example, where the POSH-AK is a JNK pathway kinase, such as JNK1, JNK2, 
1 5 MLK1 , M LK2, M LK3, MKK4, and M KK7, t he m ethod m ay i nvolve d etecting a 
JNK pathway function, such as JNK-mediated gene expression or apoptosis. 

In certain aspects, the disclosure provides methods for inhibiting the Jun 
kinase (JNK) pathway in a human cell, comprising contacting the cell with an 
inhibitor of human POSH. Optionally, inhibiting the JNK pathway comprises 
20 inhibiting substrate phosphorylation by a kinase selected from among the following: 
JNK1, JNK2, MLK1, MLK2, MLK3, MKK4, and MKK7. In certain aspects, the 
disclosure provides methods for inhibiting an activity of a PKA in a cell, comprising 
contacting t he c ell w ith an i nhibitor o f POSH. Optionally, t he P KA c omprises a 
polypeptide selected from the group consisting of: PRKAR1A, PRKACA, and 
25 PRKACB. An inhibitor of POSH may be, for example, an agent that inhibits a 
POSH activity (e.g., ubiquitin ligase activity or interaction with a POSH-AP); or an 
agent that inhibits expression of a POSH. 

In certain aspects the disclosuere provides methods of treating a JNK 
pathway-associated disease in a subject, comprising administering a POSH inhibitor 
30 to a subject in need thereof. In certain aspects, the disclosure provides methods of 
treating a PKA associated disease in a subject, comprising administering a POSH 
inhibitor to a subject in need thereof. 
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In certain aspects, the application provides a method of identifying an anti- 
viral agent, comprising: (a) forming a mixture comprising a POSH polypeptide, a 
PKA and a test agent; and (b) detecting phosphorylation of the POSH polypeptide, 
wherein an agent that inhibits phosphorylation of POSH the test agent is an anti- 
5 viral agent. 

In certain aspects, the application provides a method of identifying a 
modulator of POSH, comprising: (a) forming a mixture comprising a POSH 
polypeptide, a PKA and a test agent; and (b) detecting phosphorylation of the POSH 
polypeptide, wherein an agent that alters phosphorylation of POSH the test agent is 
10 an agent that modulates POSH. 

In certain aspects, the application provides a method of enhancing interaction 
of a POSH polypeptide with a second protein in a cell, comprising contacting the 
cell with an agent that inhibits phosphorylation of POSH by PKA. Optionally, the 
second protein is selected from the group consisting of: Rac, Chp, TCL, TC10, 
1 5 Cdc42, Wrch-1 , Rac2, Rac3, and RhoG. 

In further aspects, the application provides a method of inhibiting 
ubiquitination activity of a POSH polypeptide in a cell, comprising contacting the 
cell with an agent that inhibits phosphorylation of the POSH by PKA. 

In an additional embodiment, the application provides a method of treating 
20 or preventing a POSH associated cancer in a subject comprising administering an 
agent that inhibits a POSH-AK to a subject in need thereof, wherein said agent treats 
or prevents cancer. Optionally the POSH-AK comprises a polypeptide selected 
from the group consisting of: JNK1, JNK2, MLK1, MLK2, MLK3, MKK4, and 
MKK7. Optionally, the POSH-AK comprises a polypeptide selected from the group 
25 consisting of: PRKAR1A, PRKACA, and PRKACB. In a preferred embodiment, 
the cells of the cancer, or derived therefrom, have increased POSH expression. 

In certain embodiments, the application provides isolated, purified or 
recombinant phosphorylated POSH polypeptides. Preferably, the polypeptide is 
phosphorylated at a consensus PKA phosphorylation site, such as a K/R-R-X-S/T- 
30 Hy or R-X-X-S/T-Hy site (where Hy indicates a hydrophobic amino acid). A 
phosphorylated POSH polypeptide may be prepared, for example, by a method 
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comprising contacting the POSH polypeptide with a PKA under conditions in which 
the PKA is active. 

In certain aspects, the disclosure provides a portion of a POSH polypeptide 
consisting essentially of 15 to 100 consecutive amino acids of a mammalian POSH 
5 polypeptide which include a consensus PKA phosphorylation site. Such a portion 
may be phosphorylated. Optionally, the polypeptide comprises at least one modified 
acid amino acid or peptidornimetic moiety. In a preferred embodiment, the 
polypeptide inhibits PKA phosphorylation of POSH. Such a polypeptide may be 
formulated for delivery across a cell membrane, e.g., by mixture with lipid micelles 
10 or vesicles. 

In certain aspects, a POSH-AK. inhibitor may be used in the manufacture of a 
medicament for the treatment of a POSH-related disorder, such as a viral infection 
or a POSH-associated cancer. In a preferred embodiment, a protein kinase A 
inhibitor is used for the manufacture of a medicament for treatment of a viral 
1 5 infection. 

Any of the various pharmaceutical agents disclosed herein may be prepared 
as a pharmaceutical composition and packaged with a label. A label may include, 
for example, instructions for use or a list of one or more recommended or approved 
indications. A packaged pharmaceutical for use in treating a viral infection or a 

20 POSH-associated cancer may comprise (a) a pharmaceutical composition 

comprising an inhibitor of a POSH-AK and a pharmaceutically acceptable carrier; 
and (b) instructions for use. 

The practice of the present application will employ, unless otherwise 
indicated, conventional techniques of cell biology, cell culture, molecular biology, 

25 transgenic biology, microbiology, recombinant D NA, and immunology, which are 
within the skill of the art. Such techniques are explained fully in the literature. See, 
for example, Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, 
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA Cloning* 
Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait 

30 ed., 1984); Mullis et al. U.S. Patent No: 4,683,195; Nucleic Acid Hybridization (B. 
D. Hames & S. J. Higgins eds. 1984); Transcription And Translation (B. D. Hames 
& S. J. Higgins eds. 1984); Culture Of Animal Cells (R. I. Freshney, Alan R. Liss, 
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Inc., 1987); Immobilized Cells And Enzymes (TRL Press, 1986); B. Perbal, A 
Practical Guide To Molecular Cloning (1984); the treatise, Methods In Enzymology 
(Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H. 
Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); Methods In 
Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immunochemical Methods In Cell 
And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987); 
Handbook Of Experimental Immunology ^ Volumes I-IV (D. M. Weir and C. C. 
Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1986). 

Other features and advantages of the application will be apparent from the 
following detailed description, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows human POSH coding sequence (SEQ ID NO:l). 

Figure 2 shows human POSH amino acid sequence (SEQ ID NO:2). 

Figure 3 shows human POSH cDNA sequence (SEQ ED NO:3). 

Figure 4 shows 5' cDNA fragment of human POSH (public gi:10432611; 
SEQ ID NO:4). 

Figure 5 shows N terminus protein fragment of hPOSH (public gi: 1043261 2; 
SEQ ID NO:5). 

Figure 6 shows 3' mRNA fragment of hPOSH (public gi:7959248; SEQ ID 

NO:6). 

Figure 7 shows C terminus protein fragment of hPOSH (public gi:7959249; 
SEQ ID NO:7). 

Figure 8 shows human POSH full mRNA, annotated sequence. 
Figure 9 shows domain analysis of human POSH. 

Figure 10 is a diagram of human POSH nucleic acids. The diagram shows 
the full-length POSH gene and the position of regions amplified by RT-PCR or 
targeted by siRNA used in figure 11. 

Figure 11 shows effect of knockdown of POSH mRNA by siRNA duplexes. 
HcLa S S-6 c ells w ere t ransfected w ith s iRNA a gainst Lamin AJC ( lanes 1 , 2 ) o r 
POSH (lanes 3-10). POSH siRNA was directed against the coding region (153 - 
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lanes 3, 4; 155 - lanes 5, 6) or the 3'UTR (157 - lanes 7, 8; 159 - lanes 9, 10). Cells 
were harvested 24 hours post-transfection, RNA extracted, and POSH mRNA levels 
compared by RT-PCR of a discrete sequence in the coding region of the POSH gene 
(see figure 10). GAPDH is used an RT-PCR control in each reaction. 
5 Figure 12 shows that POSH affects the release of VLP from cells. A) 

Phosphohimages of SDS-PAGE gels of immunoprecipitations of 35 S pulse-chase 
labeled Gag proteins are presented for cell and viral lysates from transfected HeLa 
cells that were either untreated or treated with POSH RNAi (50 nM for 48 hours). 
The time during the chase period (I, 2, 3, 4, and 5 hours after the pulse) are 

1 0 presented from left to right for each image. 

Figure 13 shows release of VLP from cells at steady state. Hela cells were 
transfected with an HIV-encoding plasmid and siRNA. Lanes 1, 3 and 4 were 
transfected with wild-type HIV-encoding plasmid. Lane 2 was transfected with an 
HIV-encoding plasrnids w hich contains a point m utation in p6 (PT AP to ATAP). 

15 Control siRNA (lamin A/C) was transfected to cells in lanes 1 and 2. siRNA to 
Tsgl 01 was transfected in lane 4 and siRNA to POSH in lane 3. 

Figure 14 shows mouse POSH mRNA sequence (public gi: 10946921; SEQ 
ID NO: 8). 

Figure 15 shows mouse POSH Protein sequence (Public gi: 10946922; SEQ 
20 ID NO: 9)- 

Figure 1 6 shows D rosophila m elanogaster P OSH mRNA s equence (public 
gi:17737480; SEQ ID NO:10). 

Figure 17 shows Drosophila melanogaster POSH protein sequence (public 
gi: 1 773748 1 ; SEQ ED NO: 1 1). 
25 Figure 1 8 shows POSH domain analysis. 

Figure 19 shows that human POSH has ubiquitin ligase activity. 

Figure 20 shows that human POSH co-immunoprecipitates with RACt. 

Figure 21 shows that POSH knockdown results in decreased secretion of 
phospholipase D ("PLD") 
30 Figure 22 shows effect of hPOSH on Gag-EGFP intracellular distribution. 

Figure 23 shows intracellular distribution of HIV-1 Nef in hPOSH -depleted 

cells. 
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Figure 24 shows intracellular distribution of Src in hPOSH-depleted cells. 
Figure 25 shows intracellular distribution of Rapsyn in hPOSH-depleted 

cells. 

Figure 26 shows that POSH reduction by siRNA abrogates West Nile virus 
5 infectivity. 

Figure 27 shows that POSH knockdown decreases the release of extracellular 
MMuLV particles. 

Figure 28 shows that PKA activity is required for HIV-1 virus release. 
Inhibition of PKA kinase activity attenuates HIV-1 virus maturation. HeLa SS6 

10 cells were transfected with pNLenv-lPTAP or pNLenv-lATAA (L-domain mutant) _ 
Eighteen hours post-transfection, cells were transferred to 20 °C for two hours in 
order to inhibit transport of viral particles from the trans-Golgi (TGN) to the plasma 
membrane (PM). Subsequently, the PKA inhibitor, H89 (50 pM) or DMSO were 
added to the cells and dishes were transferred to 37 °C to initiate transport from the 

15 TGN to the PM. Reverse transcriptase activity was assayed from virus- like-particles 
collected from cell supernatant twenty minutes later. H89 treatment resulted in 
complete inhibition of RT activity (compare H89-treated to pNLenv-lATAA 
transfected cells to pNLenv-lPTAP; left and right panels with middle panel, 
respectively). 

20 Figure 29 shows that hPOSH is phosphorylated by PKA. hPOSH or c-Cbl 

was incubated with or without PKA as indicated. Samples were separated by SDS- 
PAGE and immunoblotted with PKA-substrate phospho-specific antibody followed 
by detection with anti-Rabbit-HRP and ECL (right). The membrane was then 
stripped of antibodies and re-immunoblotted with a mixture of anti-hPOSH 

25 polyclonal antibodies, followed by detection with anti-Rabbit-HRP and E CL (left 
panel). 

Figure 30 shows putative PKA phosphorylation sites in hPOSH. Amino acid 
sequence of hPOSH (70 residues per line). Motifs of the low stringency RxxS/T 
type are underlined. The high stringency motif R/KR/KxS/T is bordered. Putative 
30 S/T phosphorylation sites are highlighted in green. Color-coding of domains: Red - 
RING, Blue - SH3, Green - putative Rac-1 Binding Domain. 
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Figure 31 shows that phosphorylation of hPOSH regulates binding of GTP- 
loaded Rac-1. Bacterially expressed hPOSH (1 ug) (POSH) or GST (1 *ig) (NS) 
were phosphoiylated as in Figure 1 . Subsequently, GTPyS loaded or unloaded 
recombinant Rac-1 (0.2 jj.g) was added to hPOSH or GST. Bound racl was isolated 
5 as described in materials and methods and samples separated by SDS-PAGE on a 
12% gel and immunobloted with anti-Rac-1 . Input is 0.25 \ig of Rac-1 . 

DETAILED DESCRIPTION OF THE APPLICATION 
1. Definitions 

1 0 The term "binding" refers to a direct association between two molecules, due 

to, for example, covalent, electrostatic, hydrophobic, ionic and/or hydrogen-bond 
interactions under physiological conditions. 

A "chimeric protein" or "fusion protein" is a fusion of a first amino acid 
sequence encoding a polypeptide with a second amino acid sequence defining a 

1 5 domain foreign t o a nd n ot s ubstantia! I y h omologous w ith a ny d omain o f t he f irst 
amino acid sequence. A chimeric protein may present a foreign domain which is 
found ( albeit i n a different protein) i n an o rganism which also expresses the first 
protein, or it may be an "interspecies", "intergenic", etc. fusion of protein structures 
expressed by different kinds of organisms. 

20 The terms "compound", "test compound" and "molecule" are used herein 

interchangeably and are meant to include, but are not limited to, peptides, nucleic 
acids, carbohydrates, small organic molecules, natural product extract libraries, and 
any other molecules (including, but not limited to, chemicals, metals and 
organometallic compounds). 

25 The phrase "conservative amino acid substitution" refers to grouping of 

amino acids on the basis of certain common properties. A functional way to define 
common properties between individual amino acids is to analyze the normalized 
frequencies of amino acid changes between corresponding proteins of homologous 
organisms (Schulz, G. E. and R. H. Schirmer., Principles of Protein Structure, 

30 Springer- Verlag). According to such analyses, groups of amino acids may be 
defined where amino acids within a group exchange preferentially with each other, 
and therefore resemble each other most in their impact on the overall protein 
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structure (Schulz, G. E. and R. H. Schirmer, Principles of Protein Structure, 
Springer-Verlag). Examples of amino acid groups defined in this manner include: 

(i) a charged group, consisting of Glu and Asp, Lys, Arg and His, 

(ii) a positively-charged group, consisting of Lys, Arg and His, 
5 (iii) a negatively-charged group, consisting of Glu and Asp, 

(iv) an aromatic group, consisting of Phe, Tyr and Trp, 

(v) a nitrogen ring group, consisting of His and Trp, 

(vi) a large aliphatic nonpolar group, consisting of Val, Leu and He, 

(vii) a slightly-polar group, consisting of Met and Cys, 

10 (viii) a small-residue group, consisting of Ser, Thr, Asp, Asn, Gly, Ala, Glu, Gin 
and Pro, 

(ix) an aliphatic group consisting of Val, Leu, He, Met and Cys, and 

(x) a small hydroxyl group consisting of Ser and Thr. 

In addition to the groups presented above, each amino acid residue may form 
15 its own group, and the group formed by an individual amino acid may be referred to 
simply by the one and/or three letter abbreviation for that amino acid commonly 
used in the art. 

A "conserved residue" is an amino acid that is relatively invariant across a 
range of similar proteins. Often conserved residues will vary only by being replaced 
20 with a similar amino acid, as described above for "conservative amino acid 
substitution". 

The term "domain** as used herein refers to a region of a protein that 
comprises a particular structure and/or performs a particular function. 

The term "envelope virus" as used herein refers to any virus that uses cellular 
25 membrane and/or any organelle membrane in the viral release process. 

"Homology" or "identity" or "similarity" refers to sequence similarity 
between two peptides or between two nucleic acid molecules. Homology and 
identity c an each be determined by comparing a position in each sequence which 
may b e a ligned for p urposes o f c omparison. W hen a n equivalent p osition i n t he 
30 compared sequences is occupied by the same base or amino acid, then the molecules 
are i denticai a 1 1 hat p osition; w hen t he e quivalent s ite o ccupied b y t he s ame o r a 
similar amino acid residue (e.g., similar in steric and/or electronic nature), then the 
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molecules can be referred to as homologous (similar) at that position. Expression as 
a percentage of homology/similarity or identity refers to a function of the number of 
identical or similar amino acids at positions shared by the compared sequences. A 
sequence which is "unrelated" or "non-homologous n shares less than 40% identity, 
5 though preferably less than 25% identity with a sequence of the present application. 
In comparing two sequences, the absence of residues (amino acids or nucleic acids) 
or presence of extra residues also decreases the identity and homology/similarity. 

The term "homology" describes a mathematically based comparison of 
sequence similarities which is used to identify genes or proteins with similar 
10 functions or motifs. The nucleic acid and protein sequences of the present 
application may be used as a "query sequence" to perform a search against public 
databases to, for example, identify other family members, related sequences or 
homologs. Such searches can be performed using the NBLAST and XBLAST 
programs (version 2.0) of Altschul, et aL (1990) J MoL Biol. 215:403-10. BLAST 
15 nucleotide searches can be performed with the NBLAST program, score=100, 
wordlength=12 to obtain nucleotide sequences homologous to nucleic acid 
molecules of the application. BLAST protein searches can be performed with the 
XBLAST program, score=50, wordlength=3 to obtain amino acid sequences 
homologous to protein molecules of the application. To obtain gapped alignments 
20 for comparison purposes, Gapped BLAST can be utilized as described in Altschul et 
aL, (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and 
Gapped BLAST programs, the default parameters of the respective programs (e.g., 
XBLAST and BLAST) can be used. See http://www.ncbi.nlm.nih.gov. 

As used herein, "identity" means the percentage of identical nucleotide or 
25 amino acid residues at corresponding positions in two or more sequences when the 
sequences are aligned to maximize sequence matching, i.e., taking into account gaps 
and insertions. Identity can be readily calculated by known methods, including but 
not limited to those described in (Computational Molecular Biology, Lesk, A. M., 
ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and 
30 Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993; Computer 
Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds., Humana 
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., 
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Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, 
J., eds., M Stockton Press, New York, 1991; and Carillo, H., and Lipman, D., SIAM 
J. Applied Math., 48: 1073 (1988). Methods to determine identity are designed to 
give the largest match between the sequences tested. Moreover, methods to 
5 determine identity are codified in publicly available computer programs. Computer 
program methods to determine identity between two sequences include, but are not 
limited to, the GCG program package (Devereux, J., et al., Nucleic Acids Research 
12(1): 387 (1984)), BLASTP, BLASTN, and FASTA (Altschul, S. F. et al., J. 
Molec. Biol. 215: 403-410 (1990) and Altschul et al. Nuc. Acids Res. 25: 3389-3402 

10 (1997)). The BLAST X program is publicly available from NCBI and other sources 
(BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, Md. 20894; 
Altschul, S., et al., J. Mol. Biol. 215: 403-410 (1990). The well known Smith 
Waterman algorithm may also be used to determine identity. 

The term "isolated", as used herein with reference to the subject proteins and 

15 protein complexes, refers to a preparation of protein or protein complex that is 
essentially free from contaminating proteins that normally would be present with the 
protein or complex, e.g., in the cellular milieu in which the protein or complex is 
found endogenously. Thus, an isolated protein complex is isolated from cellular 
components that normally would "contaminate" or interfere with the study o f the 

20 complex in isolation, for instance while screening for modulators thereof. It is to be 
understood, however, that such an "isolated" complex may incorporate other 
proteins the modulation of which, by the subject protein or protein complex, is being 
investigated. 

The term "isolated" as also used herein with respect to nucleic acids, such as 
25 DNA or RNA, refers to molecules in a form which does not occur in nature. 
Moreover, an "isolated nucleic acid" is meant to include nucleic acid fragments 
which are not naturally occurring as fragments and would not be found in the natural 
state. 

Lentiviruses include primate lentiviruses, e.g., human immunodeficiency 
30 virus types 1 and 2 (HIV-l/HIV-2); simian immunodeficiency virus (SIV) from 
Chimpanzee (SIVcpz), Sooty mangabey (SIVsmm), African Green Monkey 
(SlVagrn), S yke's m onkey (SIVsyk), M andrill ( SlVmnd) and M acaque (SIVmac). 
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Lentiviruses also include feline lentiviruses, e.g., Feline immunodeficiency virus 
(FIV); Bovine lentiviruses, e.g., Bovine immunodeficiency virus (BIV); Ovine 
lentiviruses, e.g., Maedi/Visna virus (MVV) and Caprine arthritis encephalitis virus 
(CAEV); and Equine lentiviruses, e.g., Equine infectious anemia virus (EIAV). All 
5 lentiviruses express at least two additional regulatory proteins (Tat, Rev) in addition 
to Gag, Pol, and Env proteins. Primate lentivimses produce other accessory proteins 
including Nef, Vpr, Vpu, Vpx, and Vif. Generally, lentiviruses are the causative 
agents of a variety of disease, including, in addition to immunodeficiency, 
neurological degeneration, and arthritis. Nucleotide sequences of the various 

10 lentiviruses can be found in Genbank under the following Accession Nos. (from J. 
M. Coffin, S. H. Hughes, and H. E. Varmus, "Retroviruses" Cold Spring Harbor 
Laboratory Press, 1 99,7 p 8 04): 1 ) H IV-1 : K03455, M 19921, K02013, M3843 1 , 
M38429, K02007 and Ml 7449; 2) HIV-2: M30502, J04542, M30895, J04498, 
M15390, M31113 and L07625; 3) SIV:M29975, M30931, M58410, M66437, 

15 L06042, M33262, M19499, M32741, M31345 and L03295; 4) FIV: M25381, 
M36968 and Ul 1820; 5)BIV. M32690; 6) EIAV: Ml 6575, M87581 and U01866; 
6) Visna: M10608, M5 1 543, L 06906, M60609and M60610; 7) CAEV: M 33677; 
and 8) Ovine lenti virus M31646 and M34193. Lentiviral DNA can also be obtained 
from the American Type Culture Collection (ATCC). For example, feline 

20 immunodeficiency virus is available under ATCC Designation No. VR-2333 and 
VR-3112. Equine infectious anemia virus A is available under ATCC Designation 
No. VR-778. Caprine arthritis-encephalitis virus is available under ATCC 
Designation No. VR-905. Visna virus is available under ATCC Designation No. 
VR-779. 

25 As used herein, the term "nucleic acid" refers to polynucleotides such as 

deoxyribonucleic acid (DNA), and, where appropriate, ribonucleic acid (RNA). The 
term should also be understood to include, as equivalents, analogs of either RNA or 
DNA m ade from n ucleotide a nalogs, a nd, as a pplicable t o t he e mbodiment b eing 
described, single-stranded (such as sense or antisense) and double-stranded 

30 polynucleotides. 
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The term "maturation" as used herein refers to the production, post- 
translational processing, assembly and/or release of proteins that form a viral 
particle. Accrodingly, this includes the processing of viral proteins leading to the 
pinching off of nascent virion from the cell membrane. 
5 A "POSH nucleic acid" is a nucleic acid comprising a sequence as 

represented in any of SEQ ID Nos:l, 3, 4, 6, 8, and 10 as well as any of the variants 
described herein. 

A "POSH polypeptide** or "POSH protein" is a polypeptide comprising a 
sequence as represented in any of SEQ ID Nos: 2, 5, 7, 9 andl 1 as well as any of the 

1 0 variations described herein. 

A "POSH-associated protein" or "POSH-AP" refers to a protein capable of 
interacting with and/or binding to a POSH polypeptide. Generally, the POSH-AP 
may i nteract d irectly o r indirectly with t he P OSH p olypeptide. A ccording t o t he 
application, a specific type of POSH-AP is a kinase (herein referred to as POSH- 

1 5 AK). POSH-AKs may comprise a single polypeptide of a complex of polypeptides, 
where often one or more catalytic subunits is accompanied by one or more 
regulatory subunits. Preferred POSH-AKs include protein kinase A (PKA) which 
comprises a PKA subunit polypeptide such as: PRKAR1A, PRKACA, and 
PRKACB. Other preferred POSH-AKs include a kinase of a Rac-JNK signaling 

20 pathway, for example, JNK1, JNK2, MLK1, MLK2, MLK3, MKJC4, and MKK7. 
Examples of these and other POSH-AKs are provided throughout. 

The terms peptides, proteins and polypeptides are used interchangeably 

herein. 

The term "purified protein" refers to a preparation of a protein or proteins 
25 which are preferably isolated from, or otherwise substantially free of, other proteins 
normally associated with the protein(s) in a cell or cell lysate. The term 
"substantially free of other cellular proteins" (also referred to herein as "substantially 
free of other contaminating proteins") is defined as encompassing individual 
preparations of each of the component proteins comprising less than 20% (by dry 
30 weight) contaminating protein, and preferably comprises less than 5% contaminating 
protein. Functional forms of each of the component proteins can be prepared as 
purified preparations by using a cloned gene as described in the attached examples. 
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By "purified", it is meant, when referring to component protein preparations used to 
generate a reconstituted protein mixture, that the indicated molecule is present in the 
substantial absence of other biological macromolecules, such as other proteins 
(particularly other proteins which may substantially mask, diminish, confuse or alter 
5 the characteristics of the component proteins either as purified preparations or in 
their function in the subject reconstituted mixture). The term "purified" as used 
herein preferably means at least 80% by dry weight, more preferably in the range of 
85% by weight, more preferably 95-99% by weight, and most preferably at least 
99.8% by weight, of biological macromolecules of the same type present (but water, 

1 0 buffers, and other small molecules, especially molecules having a molecular weight 
of less than 5000, can be present). The term "pure" as used herein preferably has the 
same numerical limits as "purified" immediately above. 

A "recombinant nucleic acid" is any nucleic acid that has been placed 
adjacent to another nucleic acid by recombinant DNA techniques. A "recombined 

15 nucleic acid** also includes any nucleic acid that has been placed next to a second 
nucleic acid by a laboratory genetic technique such as, for example, tranformation 
and integration, transposon hopping or viral insertion. In general, a recombined 
nucleic acid is not naturally located adjacent to the second nucleic acid. 

The term "recombinant protein" refers to a protein of the present application 

20 which is produced by recombinant DNA techniques, wherein generally DNA 
encoding the expressed protein is inserted into a suitable expression vector which is 
in turn used to transform a host cell to produce the heterologous protein. Moreover, 
the phrase "derived from", with respect to a recombinant gene encoding the 
recombinant protein is meant to include within the meaning of "recombinant 

25 protein** those proteins having an amino acid sequence of a native protein, or an 
amino acid sequence similar thereto which is generated by mutations including 
substitutions and deletions of a naturally occurring protein. 

A "RING domain" or "Ring Finger" is a zinc-binding domain with a defined 
octet of cysteine and histidine residues. Certain RING domains comprise the 

30 consensus sequences as set forth below (amino acid nomenclature is as set forth in 
Table 1): Cys Xaa Xaa Cys Xaa t0 -20 Cys Xaa His Xaa 2 _ 5 Cys Xaa Xaa Cys Xaa 13 . 50 
Cys Xaa Xaa Cys or Cys Xaa Xaa Cys Xaaio - 20 Cys Xaa His Xaa 2 - 5 His Xaa Xaa 
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Cys Xaai3_5o Cys Xaa Xaa Cys. Certain RING domains are represented as amino 
acid sequences that are at least 80% identical to amino acids 12-52 of SEQ ID NO: 2 
and is set forth in SEQ ID No: 26. Preferred RING domains are 85%, 90%, 95%, 
98% and, most preferably, 100% identical to the amino acid sequence of SEQ ID 
5 NO: 26. Preferred RING domains of the application bind to various protein partners 
to form a complex that has ubiquitin ligase activity. RING domains preferably 
interact with at least one of the following protein types: F box proteins, E2 ubiquitin 
conjugating enzymes and cullins. 

The term "RNA interference" or "RNAi" refers to any method by which 

10 expression of a gene or gene product is decreased by introducing into a target cell 
one or more double-stranded RNAs which are homologous to the gene of interest 
(particularly to the messenger RNA of the gene of interest). RNAi may also be 
achieved by introduction of a DNArRNA hybrid wherein the antisense strand 
(relative to the target) is RNA. Either strand may include one or more modifications 

15 to the base or sugar-phosphate backbone. Any nucleic acid preparation designed to 
achieve an RNA interference effect is referred to herein as an siRNA construct. 
Phosphorothioate is a particularly common modification to the backbone of an 
siRNA construct. 

"Small molecule" as used herein, is meant to refer to a composition, which 
20 has a molecular weight of less than about 5 kD and most preferably less than about 
2.5 kD. Small molecules can be nucleic acids, peptides, polypeptides* 
peptidomimetics, carbohydrates, lipids or other organic (carbon containing) or 
inorganic molecules. Many pharmaceutical companies have extensive libraries of 
chemical and/or biological mixtures comprising arrays of small molecules, often 
25 fungal, bacterial, or algal extracts, which can be screened with any of the assays of 
the application. 

An " SH3" o r "Src H omology 3 " d omain i s a p rotein d omain o f g enerally 
about 60 amino acid residues first identified as a conserved sequence in the non- 
catalytic part of several cytoplasmic protein tyrosine kinases (e.g., Src, Abl, Lck). 
30 SH3 domains mediate assembly of specific protein complexes via binding to 
proline-rich peptides. Exemplary SH3 domains are represented by amino acids 137- 
192, 199-258, 448-505 and 832-888 of SEQ ID NO:2 and are set forth in SEQ ID 
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Nos: 27-30. In certain embodiments, an SH3 domain interacts with a consensus 
sequence of RXaaXaaPXaaX6P (where X6, as defined in table 1 below, is a 
hydrophobic amino acid). In certain embodiments, an SH3 domain interacts with 
one or more of the following sequences: P(T/S)AP, PFRDY, RPEPTAP, 
5 RQGPKEP, RQGPKEPFR, RPEPTAPEE and RPLPVAP. 

As used herein, the term "specifically hybridizes" refers to the ability of a 
nucleic acid probe/primer of the application to hybridize to at least 12, 15, 20, 25, 
30, 35, 40, 45, 50 or 100 consecutive nucleotides of a POSH sequence, or a 
sequence complementary thereto, or naturally occurring mutants thereof, such that it 

10 has less than 15%, preferably less than 10%, and more preferably less than 5% 
background hybridization to a cellular nucleic acid (e.g., mRNA or genomic DNA) 
other than the POSH gene. A variety of hybridization conditions may be used to 
detect specific hybridization, and the stringency is determined primarily by the wash 
stage of the hybridization assay. Generally high temperatures and low salt 

15 concentrations give high stringency, while low temperatures and high salt 
concentrations give low stringency. Low stringency hybridization is achieved by 
washing in, for example, about 2.0 x SSC at 50 °C, and high stringency is acheived 
with about 0.2 x SSC at 50 °C. Further descriptions of stringency are provided 
below. 

20 As applied to polypeptides, "substantial sequence identity" means that two 

peptide sequences, when optimally aligned, such as by the programs GAP or 
BESTFIT using default gap which share at least 90 percent sequence identity, 
preferably at least 95 percent sequence identity, more preferably at least 99 percent 
sequence identity or more. Preferably, residue positions which are not identical 

25 differ by conservative amino acid substitutions. For example, the substitution of 
amino acids having similar chemical properties such as charge or polarity are not 
likely to effect the properties of a protein. Examples include glutamine for 
asparagine or glutamic acid for aspartic acid. 

As is well known, genes for a particular polypeptide may exist in single or 

30 multiple copies within the genome of an individual. Such duplicate genes may be 
identical or may have certain modifications, including nucleotide substitutions, 
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additions or deletions, which all still code for polypeptides having substantially the 
same activity. 

A "virion" is a complete viral particle; nucleic acid and capsid (and a lipid 
envelope in some viruses. A "viral particle" may be incomplete, as when produced 
5 by a cell transfected with a defective virus (e.g., an HIV virus-like particle system). 



Table 1 : Abbreviations for classes of amino acids* 



Symbol 


Category 


Amino Acids 
Represented 


XI 


Alcohol 


Ser, Thr 


X2 


Aliphatic 


He, Leu, Val 


Xaa 


Any 


Ala, Cys, Asp, Glu, Phe, 
vjiy, rlis, lie, l-ys, l^eu, 
Met, Asn, Pro, Gin, Arg, 
Ser, Thr, Val, Trp, Tyr 


X4 


Aromatic 


Phe, His, Trp, Tyr 


X5 


Charged 


Asp, Glu, His, Lys, Arg 


X6 


Hydrophobic 


Ala, Cys, Phe, Gly, His, 
He, Lys, Leu, Met, Thr, 
Val, Trp, Tyr 


X7 


Negative 


Asp, Glu 


X8 


Polar 


Cys, Asp, Glu, His, Lys, 
Asn, Gin, Arg, Ser, Thr 


X9 


Positive 


His, Lys, Arg 



9351896_2 

-24 - 



X10 


Small 


Ala, Cys, Asp, Gly, Asn, 
Pro, Ser, Thr, Val 


XII 


Tiny 


Ala, Gly, Ser 


X12 


Tumlike 


Ala, Cys, Asp, Glu, Gly, 
His, Lys, Asn, Gin, Arg, 
Ser, Thr 


X13 


Asparagine-Aspartate 


Asn, Asp 


* Abbreviations as adoptee 


i from http://smart.embl- 



heidelberg.de/SMART_DATA/alignments/consensus/grouping.html. 



2. Overview 

In certain aspects, the application relates to the discovery of novel 
5 associations between POSH proteins and other proteins such as kinases (termed 
POSH-AKs), and related methods and compositions. In certain aspects, the 
application relates to novel associations among certain disease states, POSH nucleic 
acids and proteins, and POSH-AK nucleic acids and proteins. 

In certain aspects, by identifying kinase proteins associated with POSH, and 

10 particularly human POSH, the present application provides a conceptual link 
between the POSH-AKs and cellular processes and disorders associated with POSH- 
AKs, and POSH itself- Accordingly, in certain embodiments of the disclosure, 
agents that modulate a POSH-AK may now be used to modulate POSH functions 
and d isorders associated with P OSH function, such a s v iral d isorders and P OSH- 

15 associated cancers. Additionally, test agents may be screened for an effect on a 
POSH-AK and then further tested for effect on a POSH function or a disorder 
associated with POSH function. Likewise, in certain embodiments of the disclosure, 
agents that modulate POSH may now be used to modulate POSH-AK functions and 
disorders associated with POSH-AK function, including a variety of cancers. 

20 Additionally, test agents may be screened for an effect on POSH and then further 
tested for effect on a POSH-AK function or a disorder associated with POSH-AK 
function. In further aspects, the application provides nucleic acid agents (e.g., RNAi 
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probes, antiscnsc nucleic acids), antibody-related agents, small molecules and other 
agents that affect POSH function, and the use of same in modulating POSH and/or 
POSH-AK activity. 

POSH intersects with and regulates a wide range of key cellular functions 
5 that may be manipulated by affecting the level of and/or activity of POSH 
polypeptides or POSH-AK polypeptides. Many features of POSH, and particularly 
human POSH, are described in PCT patent publications WO03/095971A2 
(application no. WO2002US0036366) and WO03/078601 A2 (application no. 
WO2003US0008194) the teachings of which are incorporated by reference herein. 

10 As described in the above-referenced publications, native human POSH is a 

large polypeptide containing a RING domain and four SH3 domains. POSH is a 
ubiquitin ligase (also termed an "E3" enzyme); the RING domain mediates 
ubiquitination of, for example, the POSH polypeptide itself. POSH interacts with a 
large number of proteins and participates in a host of different biological processes. 

15 As demonstrated in this disclosure, POSH associates with a number of different 
protein kinases in the cell. POSH co-localizes with proteins that are known to be 
located in the trans-Golgi network, implying that POSH participates in the 
trafficking of proteins in the secretory system. The term "secretory system" should 
be understood as referring to the membrane compartments and associated proteins 

20 and other molecules that are involved in the the movement of proteins from the site 
of translation to a location within a vacuole, a compartment in the secretory pathway 
itself, a lysosome or endosome or to a location at the plasma membrane or outside 
the cell. Commonly cited examples of compartments in the secretory system include 
the endoplasmic reticulum, the Golgi apparatus and the cis and trans Golgi 

25 networks. In a ddition, A pplicants h ave d emonstrated t hat P OSH i s n ecessary for 
proper secretion, localization or processing of a variety of proteins, including 
phospholipase D, HIV Gag, HIV Nef, Rapsyn and Src. Many of these proteins are 
myristoylated, indicating that POSH plays a general role in the processing and 
proper localization of myristoylated proteins. N-rnyristoylation is an acylation 

30 process, which results in covalent attachment of myristate, a 14-carbon saturated 
fatty acid to the N-terminal glycine of proteins (Farazi et aL, J. Biol. Chem. 276: 
39501-04 (2001)). N-myristoylation occurs co-trans lationaly and promotes weak and 
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reversible protein-membrane interaction. M yristoylated p roteins are found both i n 

the cytoplasm and associated with membrane. Membrane association is dependent 

on protein configuration, i .e., surface accessibility o f the myristoyl group may be 

regulated by protein modifications, such as phosphorylation, ubiquitination etc. 

5 Modulation of intracellular transport of myristoylated proteins in the application 

includes effects on transport and localization of these modified proteins. 

As described herein, POSH and POSH-AKs are involved in viral maturation, 

including the production, post-translational processing, assembly and/or release of 

proteins in a viral particle. Accordingly, viral infections may be ameliorated by 

10 inhibiting an activity (e.g., ubiquitin ligase activity or target protein interaction) of 

POSH or a POSH-AK (e.g., inhibition of kinase activity), and in preferred 

embodiments, the virus is a retroid virus, an RNA virus or an envelope virus, 

including HIV, Ebola, HBV, HCV, HTLV, West Nile Virus (WNV) or Moloney 

Murine Leukemia Virus (MMuLV). Additional viral species are described in 

15 greater detail below. In certain instances, a decrease of a POSH function is lethal to 

cells infected with a virus that employs POSH in release of viral particles. 

In certain aspects, the application describes an hPOSH interaction with Rac, 

a small GTPase and the POSH associated kinases MLK, MKK and JNK. Rho, Rac 

and Cdc42 operate together to regulate organization of the actin cytoskeleton and the 

20 MJLK-MKK-JNK MAP kinase pathway (referred to herein as the "JNK pathway" or 

<c Rac-JNK pathway" (Xu et aL, 2003, EMBO J. 2: 252-61). Ectopic expression of 

mouse POSH ("mPOSH") activates the JNK pathway and causes nuclear 

localization of NF-kB. Overexpression of rnPOSH in fibroblasts stimulates 

apoptosis. (Tapon et al. (1998) EMBO J. 17:1395-404). In Drosophila, POSH may 

25 interact with, or otherwise influence the signaling of, another GTPase, Ras. 

(Schnorr et al. (2001) Genetics 159: 609-22). The JNK pathway and NF-kB 

regulate a variety of key genes involved in, for example, immune responses, 

inflammation, cell proliferation and apoptosis. For example, NF-kB regulates the 

production of interleukin 1, interleukin 8, tumor necrosis factor and many cell 

30 adhesion molecules. NF-kB has both pro-apoptotic and anti-apoptotic roles in the 

cell (e.g., in FAS-induced cell death and TNF-alpha signaling, respectively). NF-kB 

is negatively regulated, in part, by the inhibitor proteins IkBcx and hcBp (collectively 
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termed "IkB"). Phosphorylation of IkB permits activation and nuclear localization 
of NF-kB. Phosphorylation of IkB triggers its degradation by the ubiquitin system. 
Accordingly, in yet another embodiment, a POSH polypeptide stimulates a JNK 
pathway. In an additional embodiment, a POSH polypeptide promotes nuclear 
localization of NF-kB. In further embodiments, manipulation of POSH levels 
and/or activities may be used to manipulate apoptosis. By upregulating POSH or a 
POSH-AK, apoptosis may be stimulated in certain cells, and this will generally be 
desirable in conditions characterized by excessive cell proliferation (e.g., in certain 
cancers). By downregulating POSH or a POSH-AK, apoptosis may be diminished 
in certain cells, and this will generally be desirable in conditions characterized by 
excessive cell death, such as myocardial infarction, stroke, degenerative diseases of 
muscle and nerve (particularly Alzheimer's disease), and for organ preservation 
prior to transplant. In a further embodiment, a POSH polypeptide associates with a 
vesicular trafficking complex, such as a clathrin- or coatomer- containing complex, 
and particularly a trafficking complex that localizes to the nucleus and/or Golgi 
apparatus. 

As described in WO03/078601A2 (application no. WO2003US0008194), 
POSH is overexpressed in a variety of cancers, and downregulation of POSH is 
associated with a decrease in proliferation in at least one cancer cell line. 
Accordingly, agents that modulate POSH itself or a POSH-AK may be used to treat 
POSH associated cancers. POSH associated cancers include those cancers in which 
POSH is overexpressed and/or in which downregulation of POSH leads to a 
decrease the proliferation or survival of cancer cells. POSH-associated cancers are 
described in more detail below. In addition, it is notable that many proteins shown 
herein to be affected by POSH downregulation are themselves involved in cancers. 
Phospholipase D and SRC are both aberrantly processed in a POSH-impaired cell, 
and therefore modulation of POSH and/or a POSH-AK may affect the wide range of 
cancers in which PLD and SRC play a significant role. 

As described in WO03/095971 A2 (application no. WO2002US0036366) and 
WO03/078601A2 (application no. WO2003US0008194), POSH polypeptides 
function as E3 enzymes in the ubiquitination system. Accordingly, downregulation 
or upregulation of POSH ubiquitin ligase activity can be used to manipulate 
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biological processes that are affected by protein ubiquitination. Modulation of 
POSH ubiquitin ligase activity may be used to affect POSH-AKs and related 
biological processes, and likewise, modulation of POSH-AKs may be used to affect 
POSH ubiquitin ligase activity and related processes. Downregulation or 
upregulation may be achieved at any stage of POSH formation and regulation, 
including transcriptional, translational or post-translational regulation. For example, 
POSH transcript levels may be decreased by RNAi targeted at a POSH gene 
sequence. As another example, POSH ubiquitin ligase activity may be inhibited by 
contacting POSH with an antibody that binds to and interferes with a POSH RING 
domain or a domain of POSH that mediates interaction with a target protein (a 
protein that is ubiquitinated at least in part because of POSH activity). As a further 
example, small molecule inhibitors of POSH ubiquitin ligase activity are provided 
herein. As another example, POSH activity may be increased by causing increased 
expression of POSH or an active portion thereof. POSH, and POSH-AKs that 
modulate the POSH ubiquitin ligase activity may participate in biological processes 
including, for example, one or more of the various stages of a viral lifecycle, such as 
viral entry into a cell, production of viral proteins, assembly of viral proteins and 
release of viral particles from the cell. POSH may participate in diseases 
characterized by the accumulation of ubiquitinated proteins, such as dementias (e.g., 
Alzheimer's and Pick's), inclusion body myositis and myopathies, polyglucosan 
body myopathy, and certain forms of amyotrophic lateral sclerosis. POSH may 
participate in diseases characterized by the excessive or inappropriate ubiquitination 
and/or protein degradation. 

In certain aspects, the application relates to the discovery that a POSH 
polypeptide interacts with one subunit of Protein Kinase A (PKA; cAMP-dependent 
protein kinase). Exemplary PICA subunits may include, but are not limited to, a 
regulatory subunit (e.g., PRKAR1A) and a catalytic subunit (e.g., PRKACA or 
PRKACB). PKA is an essential enzyme in the signaling pathway of the second 
messenger cyclic AMP (cAMP). Through phosphorylation of target proteins, PKA 
controls many biochemical events in the cell including regulation of metabolism, ion 
transport, and gene transcription. The PKA holoenzyme is composed of two 
regulatory and two catalytic subunits and dissociates from the regulatory subunits 
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upon binding of cAMP. The PKA enzyme is inactive in the absence of cAMP. 
Activation of PKA occurs when two cAMP molecules bind to each regulatory 
subunit, eliciting a reversible conformational change that releases active catalytic 
subunits. 

5 A number of human PKA subunits have been characterized, including a 

regulatory subunit (type I alpha: PRKAR1) and two catalytic subunits (C-alpha: 
PRKACA; and C-beta: PRKACB). Boshart et al. identified the regulatory subunit 
PRKAR1 of PKA as the product of the TSE1 locus (Boshart, M et aL (1991) Cell 
66: 849-859). The evidence consisted of concordant expression of PRKAR1 mRNA 

10 and TSE1 genetic activity, high r esolution physical mapping of the two genes on 
human chromosome 17, and the ability of transfected PRKAR1 cDNA to generate a 
phenocopy of TSE1 -mediated extinction. Jones et al. independently established 
identity of TSE1 and the Rl-alpha subunit (Jones, KW et al. (1991) Cell 66: 861- 
872). 

1 5 Other than a role of PKA in metabolism, PKA subunits have recently been 

implicated in multiple diseases. For example, a specific role for localized PRKAR1 
has been demonstrated in human T lymphocytes, where type I PKA localizes to the 
activated TCR complex and is required for attenuation of signals propagated through 
this complex (Skalhegg, BS et al. (1992) J Biol Chem 267:15707-15714; Skalhegg, 

20 BS et al. (1994) Science 263: 84-87). The importance of type I PKA-mediated 
effects in attenuation of T cell replication has led to its consideration as a therapeutic 
target in combined variable immunodeficiency (CVI) and acquired immune 
deficiency syndrome (AIDS). Furthermore, type I PKA in T cells may also serve as 
a potential therapeutic target in systemic lupus erythematosis (SLE). For example, a 

25 series of recently published articles has uncovered the first human disease mapping 
to a PKA subunit-Carney complex (Casey, M et al. (2000) J Clin Invest 106: R31- 
38; Kirschner, LS et al. (2000) Nat Genet 26: 89-92). Carney complex (CNC) is a 
multiple neoplasia syndrome characterized by spotty skin pigmentation, cardiac and 
skin myxomas, endocrine tumors, and psammomatous melanotic schwannomas. 
30 CNC maps to two genomic loci, 17q24 and 2pl6. Familial cases mapping to the 
17q24 locus reveal deletions/mutations in the PRKAR1 coding exons leading to 
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frameshifts and premature stop codons — no mRNA and protein from the mutant 
alleles has been observed. 

Accordingly, in certain aspects of the present disclosure, POSH participates 
in the formation of PKA complexes, including human PKA-containing complexes. 
Certain P OSH p olypeptides maybei nvolved i n d isorders o f t he i mmune s ystem, 
e.g., autoimmune disorders. Certain POSH polypeptides may be involved in the 
regulation of T-cell activation. In certain aspects, POSH participates in the 
ubiquitination of PI3K. In certain aspects, PKA subunit polypeptides participate in 
POSH-mediated processes. 

Additionally, the disclosure relates in part to the discovery that PKA 
phosphorylates POSH, and further, that this phosphorylation inhibits the interaction 
of POSH with small GTPases, such as Rac. POSH also interacts with the small 
GTPase Chp, which interaction is also expected to be modulated by PKA 
phosphorylation. Small GTPases are important in vesicular trafficking, and 
therefore the findings disclosed herein demonstrate that POSH phosphorylation 
regulates the formation of complexes between POSH and proteins involved in the 
secretory system, such as Rac, Chp, TCL, TC10, Cdc42, Wrch-1, Rac2, Rac3 or 
RhoG. Data presented herein shows inhibition of PKA and POSH having similar 
effects, i ndicating t hat i nhibition o f P KA w ill a chieve a n e ffect s imilar tot hat o f 
inhibition of POSH. However, given the effect of PKA on POSH interaction with 
proteins in the secretory pathway, it is expected that PKA regulates the timing of 
cyclical interactions that are needed to effect vesicular trafficking. Accordingly, it is 
expected that significant inhibition or activation of PKA will cause a disruption in 
POSH function. 

The term "PKA subunit" is used herein to refer to a full-length human PKA 
subunit which includes a regulatory subunit (e.g., PRKAR1A) and a catalytic 
subunit (e.g., PRKACB or PRKACA), as well as an alternative PKA subunit 
composed of separate PKA subunit sequences (e.g., nucleic acid sequences) that 
may be a splice variant. The term "PKA subunit" is used herein to refer as well to 
various naturally occurring PKA subunit homologs, as well as functionally similar 
variants and fragments that retain at least 80%, 90%, 95%, or 99% sequence identity 
to a naturally occurring PKA subunit. The term specifically includes human PKA 
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subunit nucleic acid and amino acid sequences and the sequences presented in the 
Examples. 

3. Methods and Compositions for Treating PQSH-associated Diseases 
5 In certain aspects, the application provides methods and compositions for 

treatment of POSH-associated diseases (disorders), including cancer and viral 
disorders, as well as disorders associated with unwanted apoptosis, including, for 
example a variety of neurodegenerative disorders, such as Alzheimer's disease. 

In certain embodiments, the application relates to viral disorders (e.g., viral 
10 infections), and particularly disorders caused by retroid viruses, RNA viruses and/or 
envelope viruses. In view of the teachings herein, one of skill in the art will 
understand that the methods and compositions of the application are applicable to a 
wide range of viruses such as, for example, retroid viruses, RNA viruses, and 
envelope viruses. In a preferred embodiment, the present application is applicable to 
15 retroid viruses. In a more preferred embodiment, the present application is further 
applicable to retroviruses (retroviridae). In another more preferred embodiment, the 
present application is applicable to lentivirus, including primate lentivirus group. In 
a most preferred embodiment, the present application is applicable to Human 
Immunodeficiency virus (HIV), Human Immunodeficiency virus type-1 (HIV-1), 
20 Hepatitis B Virus (HBV) and Human T-cell Leukemia Virus (HTLV). 

While not intended to be limiting, relevant retroviruses include: C-type 
retrovirus which causes lymphosarcoma in Northern Pike, the C-type retrovirus 
which infects mink, the caprine lentivirus which infects sheep, the Equine Infectious 
Anemia Virus (EIAV), the C-type retrovirus which infects pigs, the Avian Leukosis 
25 Sarcoma Virus (ALSV), the Feline Leukemia Virus (FeLV), the Feline Aids Virus, 
the Bovine Leukemia Virus (BLV), the Simian Leukemia Virus (SLV), the Simian 
Immuno-deficiency Virus (SIV), the Human T-cell Leukemia Virus type-I (HTLV- 
I), the Human T-cell Leukemia Virus type-II (HTLV-II), Human Immunodeficiency 
virus type-2 (HIV-2) and Human Immunodeficiency virus type-1 (HIV-1). 
30 The method and compositions of the present application are further 

applicable to RNA viruses, including ssRNA negative-strand viruses and ssRNA 
positive-strand viruses. The ssRNA positive-strand viruses include Hepatitis C 
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Virus (HCV). In a preferred embodiment, the present application is applicable to 
rnononegavirales, including filoviruses. Filoviruses further include Ebola viruses 
and Marburg viruses. 

Other RNA viruses include picornaviruses such as enterovirus, poliovirus, 
5 coxsackievirus and hepatitis A virus, the caliciviruses, including Norwalk-like 
viruses, the rhabdoviruses, including rabies virus, the togaviruses including 
alphaviruses, Semliki Forest virus, denguevirus, yellow fever virus and rubella virus, 
the orthomyxoviruses, including Type A, B, and C influenza viruses, the 
bunyaviruses, including the Rift Valley fever virus and the hantavirus, the 
1 0 filoviruses such as Ebola virus and Marburg virus, and the paramyxoviruses, 

including mumps virus and measles virus. Additional viruses that may be treated 
include herpes viruses. 

In other embodiments, the application relates to methods of treating or 
preventing cancer diseases. The terms "cancer," "tumor," and "neoplasia" are used 
1 5 interchangeably herein. As used herein, a cancer (tumor or neoplasia) is 

characterized by one or more of the following properties: cell growth is not 
regulated by the normal biochemical and physical influences in the environment; 
anaplasia (e.g., lack of normal coordinated cell differentiation); and in some 
instances, metastasis. Cancer diseases include, for example, anal carcinoma, bladder 
20 carcinoma, breast carcinoma, cervix carcinoma, chronic lymphocytic leukemia, 

chronic myelogenous leukemia, endometrial carcinoma, hairy cell leukemia, head 
and neck carcinoma, lung (small cell) carcinoma, multiple myeloma, non-Hodgkin's 
lymphoma, follicular lymphoma, ovarian carcinoma, brain tumors, colorectal 
carcinoma, hepatocellular carcinoma, Kaposi's sarcoma, lung (non-small cell 
25 carcinoma), melanoma, pancreatic carcinoma, prostate carcinoma, renal cell 

carcinoma, and soft tissue sarcoma. Additional cancer disorders can be found in, for 
example, Isselbacher et al. (1994) Harrison's Principles of Internal Medicine 1814- 
1 877, herein incorporated by reference. 

In a specific embodiment, anticancer therapeutics of the application are used 
30 in treating a POSH-associated cancer. As described herein, POSH-associated 
cancers include, but are not limited to, the thyroid carcinoma, liver cancer 
(hepatocellular cancer), lung cancer, cervical cancer, ovarian cancer, renal cell 
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carcinoma, lymphoma, osteosacoma, liposarcoma, leukemia, breast carcinoma, and 
breast adeno-carcinoma. 

Preferred antiviral and anticancer therapeutics of the application can function 
by disrupting the biological activity of a POSH polypeptide or POSH complex in 
5 viral maturation. Certain therapeutics of the application function by disrupting the 
activity of a POSH-AK (e.g., PKA or JNK). 

Exemplary therapeutics of the application include nucleic acid therapies such 
as, for example, RNAi constructs (small inhibitory RNAs), anti sense 
oligonucleotides, ribozyme, and DNA enzymes. Other therapeutics include 
10 polypeptides, peptidomimetics, antibodies and small molecules. For example, 
therapeutics of the application include PKA inhibitors and JNK inhibitors as 
described above, under "Drug Screening Assays." 

Antisense therapies of the application include methods of introducing 
antisense nucleic acids to disrupt the expression of POSH polypeptides or proteins 
15 that are necessary for POSH function, such as certain POSH-AKs (e.g., PKA or 
JNK). 

RNAi therapies include methods of introducing RNAi constructs to 
downregulate the expression of POSH polypeptides or POSH-AKs (e.g., PKA or 
JNK). Exemplary RNAi therapeutics include any one of SEQ ID NOs: 15, 16, 18, 

20 19, 21,22, 24 and 25. 

Therapeutic polypeptides may be generated by designing polypeptides to 
mimic certain protein domains important in the formation of POSH: POSH-AK 
complexes, such as, for example, SH3 or RING domains. For example, a 
polypeptide comprising a POSH SH3 domain such as, for example, the SH3 domain 

25 as set forth in SEQ ID NO: 30 will compete for binding to a POSH SH3 domain and 
will therefore act to disrupt binding of a partner protein. In one embodiment, a 
binding partner may be a Gag polypeptide. In another embodiment, a binding 
partner may be Rac. In a further embodiment, a polypeptide that resembles an L 
domain may disrupt recruitment of Gag to the POSH complex. 

30 In view of the specification, methods for generating antibodies directed to 

epitopes of POSH and POSH-AKs are known in the art. Antibodies may be 
introduced into cells by a variety of methods. One exemplary method comprises 
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generating a nucleic acid encoding a single chain antibody that is capable of 
disrupting a POSH:POSH-AK complex. Such a nucleic acid may be conjugated to 
antibody that binds to receptors on the surface of target cells. It is contemplated that 
in certain embodiments, the antibody may target viral proteins that are present on the 
5 surface of infected cells, and in this way deliver the nucleic acid only to infected 

cells. Once bound to the target cell surface, the antibody is taken up by endocytosis, 
and the conjugated nucleic acid is transcribed and translated to produce a single 
chain antibody that interacts with and disrupts the targeted POSH:POSH-AK 
complex. Nucleic acids expressing the desired single chain antibody may also be 
10 introduced into cells using a variety of more conventional techniques, such as viral 
transfection (e.g., using an adenoviral system) or liposome-mediated transfection. 

Small molecules of the application may be identified for their ability to 
modulate the formation of POSH:POSH-AK complexes. 



15 inhibitor of POSH. Examples of such small moclecule include the following 
compounds: 



Certain embodiments of the disclosure relate to use of a small molecule as an 



Compound CAS 27430-18-8: 




O 



20 



Compound CAS 1631-29-4: 
O 




o 



Compound CAS 503065-65-4: 



9351896 2 



- 35 - 



-039 




Compound CAS 414908-08: 
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Compound CAS 415703-60-5: 
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Compound CAS 77367-94-3: 
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Compound CAS 154184-27-7: 
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In certain embodiments, compounds useful in the instant compositions and 
methods include heteroarylmethylene-dihydro-2,4,6-pyrimidinetriones and their 
5 thione analogs. Preferred heteroaryl moieties include 5-membered rings such as 
thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, and imidazolyl moieties. 

In certain embodiments, compounds useful in the instant compositions and 
methods include N-arylmaleimides, especially N-phenylmaleimides, in which the 
phenyl group may be substituted or unsubstituted. 
10 In certain embodiments, compounds useful in the instant compositions and 

methods include arylallylidene-2,4-imidazolidinediones and their thione analogs. 
Preferred aryl groups are phenyl groups, and both the aryl and allylidene portions of 
the molecule may be substituted or unsubstituted. 



15 methods include substituted distyryl compounds and aza analogs thereof such as 
substituted 1,4-diphenylazabutadiene compounds. 

In certain other embodiments, compounds useful in the instant compositions 
and methods include substituted styrenes and aza analogs thereof, such as 1,2- 
diphenylazaethylenes and l-phenyl-2-pyridyl-azaethelenes. 

20 In yet other embodiments, compounds useful in the instant compositions and 

methods include N-aryl-N'-acylpiperazines. In such compounds, the aryl ring, the 
acyl substituent, and/or the piperazine ring may be substituted or unsubstituted. 

In additional embodiments, compounds useful in the instant compositions 
and methods include aryl esters of (2-oxo-benzooxazol-3-yl)-acetic acid, and 

25 analogs thereof in which one or more oxygen atoms are replaced by sulfur atoms. 

In certain embodiments, the present application contemplates use of known 
PICA modulators (e.g., inhibitors or activators) in the methods of ihibiting viral 
infection and in the methods of treating or preventing cancer. Such PKA modulators 
include any compound, peptide, nucleotide derivative, nucleoside derivative, 
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polysaccharide, sugar or other substance that can inhibit the activity of protein 
kinase A. Many PKA inhibitors are available and may be used. For example, many 
examples of PKA inhibitors including chemical structures, methods for 
administration and pharmacological effects are listed at the Calbiochem website at 
5 calbiochem.com. In general, inhibitors that also significantly inhibit protein kinase C 
activity are avoided. 

In some embodiments, the PKA inhibitor is a nucleotide or nucleoside 
derivative. Specific examples of nucleoside or nucleotide derivatives that act as 
PKA inhibitors and that can be utilized in the disclosure include adenosine 3\5' 

1 0 cyclic monophosphorothioate. The H-89 inhibitor is a potent PKA inhibitor that can 
be used in the disclosure. The chemical name for the H-89 inhibitor is N-[2- 
((Pbromocinnamyl) amino)ethyl] isoquinolinesulfonamide. The KT5720 inhibitor 
from Calbiochem can also be used in the disclosure. Other PKA inhibitors which are 
available at from Calbiochem and can be used in the disclosure include ellagic acid 

1 5 (also named 4,4\5,5\6,6 , -hexahydroxydiphenic acid 2,6,2',6-ditactone), piceatannol, 
1 -(5-Isoquinolinesulfonyl) methylpiperazine (H-7), N-[2-(methylamino)ethyl] 
isoquinolinesulfonamide (H-8), N-(2-aminoethyl) isoquinolinesulfonamide (H-9), 
and (5-isoquinolinesulfonyl)piperazine, 2HCI (H-100). 

The PKA inhibitor can also be a peptide inhibitor (PKI). Such a peptide 

20 inhibitor c an b e any p eptide t hat i s r ecognized and b ound b y P KA b ut that P KA 
cannot phosphorylate. An example of a peptide inhibitor is a peptide with a 
"consensus sequence" for PKA recognition but with alanine in place of serine, for 
example, a peptide with the following sequence: Xaa-Arg-Arg-Xaa-Ala-Xaa, 
wherein Xaa is any amino acid, which specifically binds to the pseudoregion of the 

25 regulatory domain of PKA. Myristoylated PKA inhibitor amide (14-22, Cell- 
Permeable) having the sequence Myr-N-Gly-Arg-Thr-Gly-Arg-Arg-Asn-Ala-Ile- 
NH 2 is another example of a peptide inhibitor that can be utilized in the disclosure. 
A variety of other PKI peptides can be used as an inhibitor of protein kinase A in the 
practice of the disclosure. For example, several PKI peptides can be found in the 

30 NCBI protein database. See website at ncbi.nlm.nih.gov/ 
Genbank/GenbankOvcrview. One example of a human PKI peptide can be found at 
Genbank Accession No. P04541 (gi: 417194). Another example of a human PKI 
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peptide is at Genbank Accession No. NP 008997 (gi: 5902020). Another PKI that 
can be used as an inhibitor has the following sequence: 
Ile-Ala-Ser-Gly- Arg-Thr-Gly- Arg-Arg- Asn-Ala-Ile-His-Asp- 1 1 e-Lcu-Val-ScrSer- 
Ala. See published PCT application WO 03/080649. 



references: Muniz et al_, Proceedings of the National Academy of Sciences USA 
1997 Dec 23; 94(26) 14461-66; Baude et aL, Journal of Biological Chemistry Vol. 
269 issue 27 18128-18133 (Jul. 1994); Scott et ah 

Applicants found that POSH is phosphorylated by PK A and phosphorylation 

10 of POSH by PKA can inhibit POSH function, for example dissociating POSH from 
POSH interacting proteins (e.g, Rac). Therefore, in certain embodiments, the present 
disclosure also cotemplates use of PKA activators in treating or preventing a POSH- 
associated disease (e.g., viral infection or cancer). Exemplary PKA activators 
include, but are not limited to, forskolin, 8-Br-cAMP, and rolipram. 

15 In certain embodiments, the present application also contemplates inhibitors 

of JNK pathway kinases (e.g, JNK, MLK, and MMK) as antiviral or anticancer 
therapeutics. Exemplary JNK inhibitors include, but are not limited to, 
anthrapyTazolones, e.g., anthra[l,9-cd]pyrazol-6(2H)-one (Biomol Research 
Laboratories Inc., Plymouth Meeting, PA) and those described in Bennett et al. 2001 

20 Proc. Nat. Acad. Sci. 98(24): 13681-13686. Exemplary therapeutics of the 
application also include MLK inhibitors, such as pyrolocarbazoles, pyrazolones, 
isoindolones and those inhibitors described in US Patent No. 6455525 and PCT 
Patent Application with the following publication numbers: WO 02/095017; WO 
02/17914; WO 01/85686; WO 01/32653; WO 00/47583. 

25 The generation of nucleic acid based therapeutic agents directed to POSH 

and POSH-AKs is described below. 

Methods for identifying and evaluating further modulators of POSH and 
POSH-AKs are also provided below. 

30 4. RNA Interference, Ribozymes, Antisense and Related Constructs 

In certain aspects, the application relates to RJMAi, ribozyme, antisense and 
other nucleic acid-related methods and compositions for manipulating (typically 



5 



Further examples of protein kinase A inhibitors are provided in the following 
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decreasing) a POSH activity. Exemplary RNAi and ribozyme molecules may 
comprise a sequence as shown in any of SEQ ID Nos: 15, 16, 18, 19, 21, 22, 24 and 
25. 

In certain aspects, the application relates to RNAi, ribozyme, antisense and 
5 other nucleic acid-related methods and compositions for manipulating (typically 
decreasing) a POSH-AK activity. Specific instances of PRKAR1A, PRKACA, and 
PRKACB nucleic acids that may be used to design nucleic acids for RNAi, 
ribozyme, antisense are listed in the Examples. 

Certain embodiments of the application make use of materials and methods 

10 for effecting knockdown of one or more POSH or POSH-AK genes by means of 
RNA interference (RNAi). RNAi is a process of sequence-specific post- 
transcriptional gene repression which can occur in eukaryotic cells. In general, this 
process involves degradation of an mRNA of a particular sequence induced by 
double-stranded RNA (dsRNA) that is homologous to that sequence. For example, 

15 the expression of a long dsRNA corresponding to the sequence of a particular single- 
stranded mRNA (ss mRNA) will labilize that message, thereby "interfering" with 
expression of the corresponding gene. Accordingly, any selected gene may be 
repressed by introducing a dsRNA which corresponds to all or a substantial part of 
the m RNA f or t hat gene. It a ppears t hat w hen a 1 ong d sRNA i s expressed, i t i s 

20 initially processed by a ribonuclease III into shorter dsRNA oligonucleotides of as 
few as 21 to 22 base pairs in length. Furthermore, Accordingly, RNAi may be 
effected by introduction or expression of relatively short homologous dsRNAs. 
Indeed the use of relatively short homologous dsRNAs may have certain advantages 
as discussed below. 

25 Mammalian cells have at least two pathways that are affected by double- 

stranded RNA(dsRNA). In the RNAi ( sequence-specific) pathway, the initiating 
dsRNA i s first b roken i nto s hort i nterfering ( si) R NAs, a s d escribed above. T he 
siRNAs have sense and antisense strands of about 21 nucleotides that form 
approximately 19 nucleotide si RNAs with overhangs of two nucleotides at each 3' 

30 end. Short interfering RNAs are thought to provide the sequence information that 
allows a specific messenger RNA to be targeted for degradation. In contrast, the 
nonspecific pathway is triggered by dsRNA of any sequence, as long as it is at least 
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about 30 base pairs in length. The nonspecific effects occur because dsRNA 
activates two enzymes: PKR, which in its active form phosphorylates the translation 
initiation factor eIF2 to shut down all protein synthesis, and 2', 5' oligoadenylate 
synthetase (2% 5'-AS), which synthesizes a molecule that activates Rnase L, a 
5 nonspecific enzyme that targets all rnRNAs. The nonspecific pathway may 
represent a host response to stress or viral infection, and, in general, the effects of 
the nonspecific pathway are preferably minimized under preferred methods of the 
present application. Significantly, longer dsRNAs appear to be required to induce 
the nonspecific pathway and, accordingly, dsRNAs shorter than about 30 bases pairs 

10 are preferred to effect gene repression by RNAi (see Hunter et al. (1975) J Biol 
Chem 250: 409-17; Manche et al. (1992) Mol Cell Biol 12: 5239-48; Minks et al. 
(1979) J Biol Chem 254: 10180-3; and Elbashir et al. (2001) Nature 411: 494-8). 

RNAi has been shown to be effective in reducing or eliminating the 
expression of genes in a number of different organisms including Caenorhabditiis 

15 elegans (see e.g., Fire et al. (1998) Nature 391: 806-11), mouse eggs and embryos 
(Wianny et al. (2000) Nature Cell Biol 2: 70-5; Svoboda et al, (2000) Development 
127: 4147-56), and cultured RAT I fibroblasts (Bahramina et al. (1999) Mol Cell 
Biol 19: 274-83), and appears to be an anciently evolved pathway available in 
eukaryotic plants and animals (Sharp (2001) Genes Dev. 15: 485-90). RNAi has 

20 proven to be an effective means of decreasing gene expression in a variety of cell 
types including HeLa cells, NTH/3T3 cells, COS cells, 293 cells and BHK-21 cells, 
and typically decreases expression of a gene to lower levels than that achieved using 
antisense techniques and, indeed, frequently eliminates expression entirely (see Bass 
(2001) Nature 411: 428-9). In mammalian cells, siRNAs are effective at 

25 concentrations that are several orders of magnitude below the concentrations 
typically used in antisense experiments (Elbashir et al. (2001) Nature 41 1 : 494-8). 

The double stranded oligonucleotides used to effect RNAi are preferably less 
than 30 base pairs in length and, more preferably, comprise about 25, 24, 23, 22, 21, 
20, 19, 18 or 17 base pairs of ribonucleic acid. Optionally the dsRNA 

30 oligonucleotides o f t he application m ay i nclude 3 * o verhang ends. E xemplary 2 - 
nucleotide 3' overhangs maybe composed of ribonucleotide residues of any type 
and may even be composed of 2*-deoxythymidine resides, which lowers the cost of 
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RNA synthesis and may enhance nuclease resistance of siRNAs in the cell culture 
medium and within transfected cells (see Elbashir et aL (2001) Nature 411: 494-8). 
Longer dsRNAs of 50, 75, 100 or even 500 base pairs or more may also be utilized 
in certain embodiments of the application. Exemplary concentrations of dsRNAs for 
5 effecting RNAi are about 0.05 nM, 0.1 nM, 0.5 nM, 1.0 nM, 1.5 nM, 25 nM or 100 
nM, although other concentrations may be utilized depending upon the nature of the 
cells treated, the gene target and other factors readily discernable the skilled artisan. 
Exemplary dsRNAs may be synthesized chemically or produced in vitro or in vivo 
using appropriate expression vectors. Exemplary synthetic RNAs include 21 

10 nucleotide RNAs chemically synthesized using methods known in the art (e.g., 
Expedite RNA phophoramidites and thymidine phosphoramidite (Proligo, 
Germany). S ynthetic oligonucleotides a re p referably d eprotected and gel-purified 
using methods known in the art (see e.g., Elbashir et al. (2001) Genes Dev. 15: 188- 
200). Longer RNAs may be transcribed from promoters, such as T7 RNA 

15 polymerase promoters, known in the art. A single RNA target, placed in both 
possible orientations downstream of an in vitro promoter, will transcribe both 
strands of the target to create a dsRNA oligonucleotide of the desired target 
sequence. Any of the above RNA species will be designed to include a portion of 
nucleic acid sequence represented in a POSH or POSH-AK nucleic acid, such as, for 

20 example, a nucleic acid that hybridizes, under stringent and/or physiological 
conditions, to any of SEQ ID Nos: 1, 3, 4, 6, 8 and 10 and complements thereof or 
any of the POSH-AK sequences presented in the Examples. 

The specific sequence utilized in design of the oligonucleotides may be any 
contiguous sequence of nucleotides contained within the expressed gene message of 

25 the target. Programs and algorithms, known in the art, may be used to select 
appropriate target sequences. In addition, optimal sequences may be selected 
utilizing programs designed to predict the secondary structure of a specified single 
stranded nucleic acid sequence and allowing selection of those sequences likely to 
occur in exposed single stranded regions of a folded mRNA. Methods and 

30 compositions for designing appropriate oligonucleotides may be found, for example, 
in U.S. Patent Nos. 6,251,588, the contents of which are incorporated herein by 
reference. Messenger RNA (mRNA) is generally thought of as a linear molecule 
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which contains the information for directing protein synthesis within the sequence of 
ribonucleotides, however studies have revealed a number of secondary and tertiary 
structures that exist in most mRNAs. Secondary structure elements in RNA are 
formed largely by Watson-Crick type interactions between different regions of the 
5 same RNA molecule. Important secondary structural elements include 
intramolecular d ouble stranded regions, hairpin loops, bulges in duplex RNA and 
internal loops. Tertiary structural elements are formed when secondary structural 
elements come in contact with each other or with single stranded regions to produce 
a more complex three dimensional structure. A number of researchers have 

10 measured the binding energies of a large number of RNA duplex structures and have 
derived a set of rules which can be used to predict the secondary structure of RNA 
(see e.g., Jaeger et aL (1989) Proc. Natl. Acad. Sci. USA 86:7706 (1989); and 
Turner et al. (1988) Annu. Rev. Biophys. Biophys. Chem. 17:167) . The rules are 
useful in identification of RNA structural elements and, in particular, for identifying 

15 single stranded RNA regions which may represent preferred segments of the mRNA 
to target for silencing RNAi, ribozyme or antisense technologies. Accordingly, 
preferred segments of the mRNA target can be identified for design of the RNAi 
mediating dsRNA oligonucleotides as well as for design of appropriate ribozyme 
and hammerheadribozyme compositions of the application. 

20 The dsRNA oligonucleotides may be introduced into the cell by transfection 

with an heterologous target gene using carrier compositions such as liposomes, 
which are known in the art-^ e.g., Lipofectamine 2000 (Life Technologies) as 
described by the manufacturer for adherent cell lines. Transfection of dsRNA 
oligonucleotides for targeting endogenous genes may be carried out using 

25 Oligofectamine (Life Technologies). Transfection efficiency may be checked using 
fluorescence microscopy for mammalian cell lines after co-transfection of hGFP- 
encoding pAD3 (Kehlenback et al. (1998) J Cell Biol 141: 863-74). The 
effectiveness of the RNAi may be assessed by any of a number of assays following 
introduction of the dsRNAs. These include Western blot analysis using antibodies 

30 which recognize the POSH or POSH-AK gene product following sufficient time for 
turnover o f t he e ndogenous p ool a fter n ew p rotein s ynthesis i s r epressed, r everse 
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transcriptase polymerase chain reaction and Northern blot analysis to determine the 
level of existing POSH or POSH-AK target mRNA. 

Further compositions, methods and applications of RNAi technology are 
provided in U.S. Patent Application Nos. 6,278,039, 5,723,750 and 5,244,805, 
5 which are incorporated herein by reference. 

Ribozyme molecules designed to catalytically cleave POSH or POSH-AK 
mRNA transcripts can also be used to prevent translation of suject POSH or POSH- 
AK mRNAs and/or expression of POSH or POSH-AKs (see, e.g., PCT International 
Publication WO90/11364, published October 4, 1990; Sarver et al. (1990) Science 
10 247:1222-1225 and U.S. Patent No. 5,093,246). Ribozymes are enzymatic RNA 
molecules capable of catalyzing the specific cleavage of RNA. (For a review, see 
Rossi (1994) Current Biology 4: 469-471). The mechanism of ribozyme action 
involves sequence specific hybridization of the ribozyme molecule to 
complementary target RNA, followed by an endonucleolytic cleavage event. The 
15 composition of ribozyme molecules preferably includes one or more sequences 
complementary to a POSH or POSH-AK mRNA, and the well known catalytic 
sequence responsible for mRNA cleavage or a functionally equivalent sequence 
(see, e.g., U.S. Pat. No. 5,093,246, which is incorporated herein by reference in its 
entirety). 

20 While ribozymes that cleave mRNA at site specific recognition sequences 

can be used to destroy target mRNAs, the use of hammerhead ribozymes is 
preferred. Hammerhead ribozymes cleave mRNAs at locations dictated by flanking 
regions that form complementary base pairs with the target mRNA. Preferably, the 
target mRNA has the following sequence of two bases: 5'-UG-3\ The construction 

25 and production of hammerhead ribozymes is well known in the art and is described 
more fully in Haseloff and Gerlach ((1988) Nature 334:585-591; and see PCT 
Appln. No. • WO89/05852, the contents of which are incorporated herein by 
reference). H amrnerhead r ibozymc s cquences c an b c e mbedded i n a s table R N A 
such as a transfer RNA (tRNA) to increase cleavage efficiency in vivo (Perriman et 

30 al. (1995) Proc. Natl. Acad. Sci. USA, 92: 6175-79; de Feyter, and Gaudron, 
Methods in Molecular Biology, Vol. 74, Chapter 43, "Expressing Ribozymes in 
Plants", E dited b y T urner, P . C , H umana P ress Inc., T otowa, N J). In p articular, 
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RNA polymerase Ill-rnediated expression of tRNA fusion ribozymes are well 
known in the art ( see Kawasaki et al. (1998) Nature 393: 284-9; Kuwabara et al. 
(1998) Nature Biotechnol. 16: 961-5; and Kuwabara et al. (1998) Mol. Cell 2: 617- 
27; Koseki et al. (1999) J Virol 73: 1868-77; Kuwabara et al. (1999) Proc Natl Acad 
5 Sci USA 96: 1886-91 ; Tanabe et al. (2000) Nature 406: 473-4). There are typically 
a number of potential hammerhead ribozyme cleavage sites within a given target 
cDNA sequence. Preferably the ribozyme is engineered so that the cleavage 
recognition site is located near the 5' end of the target mRNA- to increase efficiency 
and minimize the intracellular accumulation of non-functional mRNA transcripts. 
10 Furthermore, the use of any cleavage recognition site located in the target sequence 
encoding different portions of the C-terminal amino acid domains of, for example, 
long and short forms of target would allow the selective targeting of one or the other 
form of the target, and thus, have a selective effect on one form of the target gene 
product. 

15 Gene targeting ribozymes necessarily contain a hybridizing region 

complementary to two regions, each of at least 5 and preferably each 6, 7, 8, 9, 1 0, 
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 contiguous nucleotides in length of a POSH 
or POSH-AK mRNA, such as an mRNA of a sequence represented in any of SEQ 
ID Nos: 1, 3, 4, 6, 8 or 10 or a POSH-AK presented in the Examples. In addition, 

20 ribozymes possess highly specific endoribonuclease activity, which autocatalytically 
cleaves the target sense mRNA. The present application extends to ribozymes 
which hybridize to a sense mRNA encoding a POSH gene such as a therapeutic drug 
target candidate gene, thereby hybridising to the sense mRNA and cleaving it, such 
that it is no longer capable of being translated to synthesize a functional polypeptide 

25 product. 

The ribozymes of the present application also include RNA 
endoribonucleases (hereinafter "Cech-type ribozymes") such as the one which 
occurs naturally in Tetrahymena thermophila (known as the IVS, or L-19 IVS RNA) 
and which has been extensively described by Thomas Cech and collaborators (Zaug, 
30 et al. (1984) Science 224:574-578; Zaug, et al. (1986) Science 231:470-475; Zaug, 
et al. (1986) Nature 324:429-433; published International patent application No. 
WO88/04300 by University Patents Inc.; Been, et al. (1986) Cell 47:207-216). The 
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Cech-type ribozymes have an eight base pair active site which hybridizes to a target 
RNA sequence whereafter cleavage of the target RNA takes place. The application 
encompasses those Cech-type ribozymes which target eight base-pair active site 
sequences that are present in a target gene or nucleic acid sequence. 
r 5 Ribozymes can be composed of modified oligonucleotides (e.g., for 

improved stability, targeting, etc.) and should be delivered to cells which express the 
target gene in vivo. A preferred method of delivery involves using a DNA construct 
"encoding" the ribozyme under the control of a strong constitutive pol HI or pol II 
promoter, so that transfected cells will produce sufficient quantities of the ribozyme 

10 to destroy endogenous target messages and inhibit translation. Because ribozymes, 
unlike antisense molecules, are catalytic, a lower intracellular concentration is 
required for efficiency. 

In certain embodiments, a ribozyme may be designed by first identifying a 
sequence portion sufficient to cause effective knockdown by RNAi. The same 

15 sequence portion may then be incorporated into a ribozyme. In this aspect of the 
application, the gene-targeting portions of the ribozyme or RNAi are substantially 
the same sequence of at least 5 and preferably 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19 or 20 or more contiguous nucleotides of a POSH nucleic acid, such as a 
nucleic acid of any of SEQ ID Nos: 1, 3, 4, 6, 8, or 10 or POSH-AK nucleic acid, as 

20 presented in the Examples. In a long target RNA chain, significant numbers of 
target sites are not accessible to the ribozyme because they are hidden within 
secondary or tertiary structures (Birikh et al. (1997) Eur J Biochem 245: 1-16). To 
overcome the problem of target RNA accessibility, computer generated predictions 
of secondary structure are typically used to identify targets that are most likely to be 

25 single-stranded or have an "open" configuration (see Jaeger et al. (1989) Methods 
Enzymol 183: 281-306). Other approaches utilize a systematic approach to 
predicting secondary structure which involves assessing a huge number of candidate 
hybridizing oligonucleotides molecules (seeMilner et al. (1997) Nat Biotechnol 15: 
537-41; and Fatzel and Sczakiel (1998) Nat Biotechnol 16: 64-8). Additionally, U.S. 

30 Patent No. 6,251,588, the contents of which are hereby incorporated herein, 
describes methods for evaluating oligonucleotide probe sequences so as to predict 
the potential for hybridization to a target nucleic acid sequence. The method of the 
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application provides for the use of such methods to select preferred segments of a 
target mRNA sequence that are predicted to be single-stranded and, further, for the 
opportunistic utilization of the same or substantially identical target mRNA 
sequence, preferably comprising about 1 0-20 consecutive nucleotides of the target 
5 mRNA, in the design of both the RNAi oligonucleotides and ribozymes of the 
application. 

A further aspect of the application relates to the use of the isolated 
"antisense" nucleic acids to inhibit expression, e.g., by inhibiting transcription 
and/or translation of a POSH or POSH-AK nucleic acid. The antisense nucleic acids 

10 may bind to the potential drug target by conventional base pair complementarity, or, 
for example, in the case of binding to DNA duplexes, through specific interactions 
in the major groove of the double helix. In general, these methods refer to the range 
of techniques generally employed in the art, and include any methods that rely on 
specific binding to oligonucleotide sequences. 

15 An antisense construct of the present application can be delivered, for 

example, as an expression plasmid which, when transcribed in the cell, produces 
RNA w hich i s complementary t o at 1 east a u nique p ortion o f t he cellular m RNA 
which encodes a POSH or POSH-AK polypeptide. Alternatively, the antisense 
construct is an oligonucleotide probe, which is generated ex vivo and which, when 

20 introduced into the cell causes inhibition of expression by hybridizing with the 
mRNA and/or genomic sequences of a POSH or POSH-AK nucleic acid. Such 
oligonucleotide probes are preferably modified oligonucleotides, which are resistant 
to endogenous nucleases, e.g., exonucleases and/or endonucleases, and are therefore 
stable in vivo. Exemplary nucleic acid molecules for use as antisense 

25 oligonucleotides are phosphoramidate, phosphothioate and methylphosphonate 
analogs of DNA (see also U.S. Patents 5,176,996; 5,264,564; and 5,256,775). 
Additionally, general approaches to constructing oligomers useful in antisense 
therapy have been reviewed, for example, by Van der Krol et al. (1988) 
BioTechniques 6:958-976; and Stein et al. (1988) Cancer Res 48:2659- 2668. 

30 With respect to antisense DNA, oligodeoxyribonucleotides derived from the 

translation initiation site, e.g., between the -10 and +10 regions of the target gene, 
are preferred. Antisense approaches involve the design of oligonucleotides (either 
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DNA or RNA) that are complementary to mRNA encoding a POSH or POSH-AK 
polypeptide. The antisense oligonucleotides will bind to the mRNA transcripts and 
prevent translation. Absolute complementarity, although preferred, is not required. 
In the case of double-stranded antisense nucleic acids, a single strand of the duplex 
5 DNA may thus be tested, or triplex formation may be assayed. The ability to 
hybridize will depend on both the degree of complementarity and the length of the 
antisense nucleic acid. Generally, the longer the hybridizing nucleic acid, the more 
base mismatches with an RNA it may contain and still form a stable duplex (or 
triplex, as the case may be). One skilled in the art can ascertain a tolerable degree of 

10 mismatch by use of standard procedures to determine the melting point of the 
hybridized complex. 

Oligonucleotides that are complementary to the 5' end of the mRNA, e.g., the 
5' untranslated sequence up to and including the AUG initiation codon, should work 
most efficiently at inhibiting translation. However, sequences complementary to the 

15 3* u ntranslated s equences o f m RNAs h ave r ecently b een s hown t o b e e ffecti ve a t 
inhibiting translation of mRNAs as well. (Wagner, R. 1994. Nature 372:333). 
Therefore, oligonucleotides complementary to either the 5' or 3* untranslated, non- 
coding regions of a gene could be used in an antisense approach to inhibit translation 
of that mRNA. Oligonucleotides complementary to the 5* untranslated region of the 

20 mRNA should include the complement of the AUG start codon. Antisense 
oligonucleotides complementary to mRNA coding regions are less efficient 
inhibitors of translation but could also be used in accordance with the application. 
Whether designed to hybridize to the 5', 3' or coding region of mRNA, antisense 
nucleic acids should be at least six nucleotides in length, and are preferably less that 

25 about 100 and more preferably less than about 50, 25, 17 or 10 nucleotides in length. 

It is preferred that in vitro studies are first performed to quantitate the ability 
of the antisense oligonucleotide to inhibit gene expression. It is preferred that these 
studies utilize controls that distinguish between antisense gene inhibition and 
nonspecific biological effects of oligonucleotides. It is also preferred that these 

30 studies compare levels of the target RNA or protein with that of an internal control 
RNA or protein. Results obtained using the antisense oligonucleotide may be 
compared with those obtained using a control oligonucleotide. It is preferred that 
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the control oligonucleotide is of approximately the same length as the test 
oligonucleotide and that the nucleotide sequence of the oligonucleotide differs from 
the antisense sequence no more than is necessary to prevent specific hybridization to 
the target sequence. 

5 The antisense oligonucleotides can be DNA or RNA or chimeric mixtures or 

derivatives o r m odified versions t hereof, s ingle-stranded o r d ouble-stranded. T he 
oligonucleotide can be modified at the base moiety, sugar moiety, or phosphate 
backbone, for example, to improve stability of the molecule, hybridization, etc. The 
oligonucleotide may include other appended groups such as peptides (e.g., for 

10 targeting host cell receptors), or agents facilitating transport across the cell 
membrane (see, e.g., Letsinger et al., 1989, Proc. Natl. Acad. Sci. U.S.A. 86:6553- 
6556; Lemaitre et aL, 1987, Proc. NatL Acad. Sci. 84:648-652; PCT Publication No. 
W088/09810, published December 15, 1988) or the blood- brain barrier (see, e.g., 
PCT Publication No. W089/10134, published April 25, 1988), hybridization- 

15 triggered cleavage agents. (See, e.g., Krol et aL, 1988, BioTechniques 6:958- 976) 
or intercalating agents. (See, e.g., Zon, 1988, Pharm. Res. 5:539-549). To this end, 
the oligonucleotide may be conjugated to another molecule, e.g., a peptide, 
hybridization triggered cross-linking agent, transport agent, hybridization-triggered 
cleavage agent, etc. 

20 The antisense oligonucleotide may comprise at least one modified base 

moiety which is selected from the group including but not limited to 5-fluorouracil, 
5- bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xantine, 4- 
acetylcytosine, 5- (carboxyhydroxytiethyl) uracil, 5-carboxymethylaminomethyl-2- 
thiouridine, 5- carboxymethylaminomethyluracil, dihydrouracil, beta-D- 

25 galactosylqueosine, inosine, N6- isopentenyladenine, 1 -methyl guanine, 1- 
methylinosine, 2,2-dimethylguanine, 2 -methyl adenine, 2-methyl guanine, 3- 
methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 5- 
methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D- 
mannosylqueosine, S'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio- 

30 N6- isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyt-2-thiouracil, 2-thiouracil, 4-thiouracil, 5- 
methyluracil, uracil-5- oxyacettc acid methylester, uracil-5-oxyacetic acid (v), 5- 
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methyl-2-thiouracil, 3-(3-amino-3- N-2-carboxypropyl) uracil, (acp3)w, and 2,6- 
diaminopurine. 

The antisense oligonucleotide may also comprise at least one modified sugar 
moiety selected from the group including but not limited to arabinose, 2- 
5 fluoroarabinose, xylulose, and hcxose. 

The antisense oligonucleotide can also contain a neutral peptide-like 
backbone. Such molecules are termed peptide nucleic acid ( PNA)-oligomers and 
are described, e.g., in Perry-O'Keefe et al. (1996) Proc. Natl. Acad. Sci. U.S.A. 
93:14670 and in Eglom et al. (1993) Nature 365:566. One advantage of PNA 

10 oligomers is their capability to bind to complementary DNA essentially 
independently from the ionic strength of the medium due to the neutral backbone of 
the DNA. In yet another embodiment, the antisense oligonucleotide comprises at 
least one modified phosphate backbone selected from the group consisting of a 
phosphorothioate, a phosphorodithioate, a phosphoramidothioate, a 

15 phosphoramidate, a phosphordiarnidate, a methylphosphonate, an alkyl 
phosphotriester, and a formacetal or analog thereof. 

In yet a further embodiment, the antisense oligonucleotide is an alpha- 
anomeric oligonucleotide. An alpha-anomeric oligonucleotide forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual 

20 antiparallel orientation, the strands run parallel to each other (Gautier et al., 1987, 
Nucl. Acids Res. 15:6625-6641). The oligonucleotide is a 2-0-methylribonucleotide 
(Inoue et al., 1987, Nucl. Acids Res. 15:6131-6148), or a chimeric RNA-DNA 
analogue (Inoue et al., 1987, FEBS Lett. 215:327-330). 

While antisense nucleotides complementary to the coding region of a POSH 

25 or POSH-AK mRNA sequence can be used, those complementary to the transcribed 
untranslated region may also be used. 

In certain instances, it may be difficult to achieve intracellular concentrations 
of the antisense sufficient to suppress translation on endogenous mRNAs. Therefore 
a preferred approach utilizes a recombinant DNA construct in which the antisense 

30 oligonucleotide is placed under the control of a strong pol III or pol II promoter. 
The use of such a construct to transfect target cells will result in the transcription of 
sufficient amounts of single stranded RNAs that will form complementary base pairs 
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with the endogenous potential drug target transcripts and thereby prevent translation. 
For example, a vector can be introduced such that it is taken up by a cell and directs 
the transcription of an antisense RNA. Such a vector can remain episomal or 
become chromosomally integrated, as long as it can be transcribed to produce the 
5 desired antisense RNA. Such vectors can be constructed by recombinant DNA 
technology methods standard in the art. Vectors can be plasmid, viral, or others 
known in the art, used for replication and expression in mammalian cells. 
Expression o f t he s equence e ncoding t he a ntisense R N A canbebyanyp romoter 
known in the art to act in mammalian, preferably human cells. Such promoters can 

10 be inducible or constitutive. Such promoters include but are not limited to: the 
S V40 e arly p romoter r egion ( Bemoist a nd C hambon, 1 98 1 , N ature 2 90:304-3 1 0), 
the promoter contained in the 3* long terminal repeat of Rous sarcoma virus 
(Yamamoto et al., 1980, Cell 22:787-797), the herpes thymidine kinase promoter 
(Wagner et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the regulatory 

15 sequences of the metallothionein gene (Brinster et al, 1982, Nature 296:39-42), etc. 
Any type of plasmid, cosmid, YAC or viral vector can be used to prepare the 
recombinant DNA construct, which can be introduced directly into the tissue site. 

Alternatively, POSH or POSH-AK gene expression can be reduced by 
targeting deoxyribonucleotide sequences complementary to the regulatory region of 

20 the gene (i.e., the promoter and/or enhancers) to form triple helical structures that 
prevent transcription of the gene in target cells in the body. (See generally, Helene, 
C. 1991, Anticancer Drug Des., 6(6):569-84; Helene, C, ct al., 1992, Ann. N.Y. 
Acad. Sci., 660:27-36; and Maher, L.J., 1992, Bioassays 14(12):807-15). 

Nucleic acid molecules to be used in triple helix formation for the inhibition 

25 of transcription .are preferably single stranded and composed of 
deoxyribonucleotides. The base composition of these oligonucleotides should 
promote triple helix formation via Hoogsteen base pairing rules, which generally 
require sizable stretches of either purines or pyrimidines to be present on one strand 
of a duplex. Nucleotide sequences may be pyrimidine-based, which will result in 

30 TAT and CGC triplets across the three associated strands of the resulting triple 
helix. The pyrimidine-rich molecules provide base complementarity to a purine-rich 
region of a single strand of the duplex in a parallel orientation to that strand. In 
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addition, nucleic acid molecules may be chosen that are purine- rich, for example, 
containing a stretch of G residues. These molecules will form a triple helix with a 
DNA duplex that is rich in GC pairs, in which the majority of the purine residues are 
located on a single strand of the targeted duplex, resulting in CGC triplets across the 
5 three strands in the triplex. 

Alternatively, POSH or POSH-AK sequences that can be targeted for triple 
helix formation may be increased by creating a so called "switchback" nucleic acid 
molecule. Switchback molecules are synthesized in an alternating 5-3', 3'-5 f 
manner, such that they base pair with first one strand of a duplex and then the other, 

10 eliminating the necessity for a sizable stretch of either purines or pyrimidines to be 
present on one strand of a duplex. 

A further aspect of the application relates to the use of DNA enzymes to 
inhibit expression of a POSH or POSH-AK gene. DNA enzymes incorporate some 
of the mechanistic features of both antisense and ribozyme technologies. DNA 

15 enzymes are designed so that they recognize a particular target nucleic acid 
sequence, much like an antisense oligonucleotide, however much like a ribozyme 
they are catalytic and specifically cleave the target nucleic acid. 

There are currently two basic types of DNA enzymes, and both of these were 
identified by Santoro and Joyce (see, for example, US Patent No. 6110462). The 

20 10-23 DNA enzyme comprises a loop structure which connect two arms. The two 
arms provide specificity by recognizing the particular target nucleic acid sequence 
while the loop structure provides catalytic function under physiological conditions. 

Briefly, to design an ideal DNA enzyme that specifically recognizes and 
cleaves a target nucleic a cid, one of skill in the art must first identify the unique 

25 target sequence. This can be done using the same approach as outlined for antisense 
oligonucleotides. Preferably, the unique or substantially sequence is a G/C rich of 
approximately 18 to 22 nucleotides. High G/C content helps insure a stronger 
interaction between the DNA enzyme and the target sequence. 

When synthesizing the DNA enzyme, the specific antisense recognition 

30 sequence that will target the enzyme to the message is divided so that it comprises 
the two arms of the DNA enzyme, and the DNA enzyme loop is placed between the 
two specific arms. 
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Methods of making and administering DNA enzymes can be found, for 
example, in US 61 10462. Similarly, methods of delivery DNA ribozymes in vitro or 
in vivo include methods of delivery RNA ribozyme, as outlined in detail above. 
Additionally, one of skill in the art will recognize that, like antisense 
5 oligonucleotide, DNA enzymes can be optionally modified to improve stability and 
improve resistance to degradation. 

Antisense RNA and DNA, ribozyme, RNAi and triple helix molecules of the 
application may be prepared by any method known in the art for the synthesis of 
DNA and RNA molecules. These include techniques for chemically synthesizing 

10 oligodeoxyiibonucleotides and oligoribonucleotides well known in the art such as 
for example solid phase phosphoramidite chemical synthesis. Alternatively, RNA 
molecules may be generated by in vitro and in vivo transcription of DNA sequences 
encoding the antisense RNA molecule. Such DNA sequences may be incorporated 
into a wide variety of vectors which incorporate suitable RNA polymerase 

1 5 promoters s uch astheT7orS P6 p olymerase p romoters. A Iternatively, antisense 
cDNA constructs that synthesize antisense RNA constitutively or inducibly, 
depending on the promoter used, can be introduced stably into cell lines. Moreover, 
various well-known modifications to nucleic acid molecules may be introduced as a 
means of increasing intracellular stability and half-life. Possible modifications 

20 include but are not limited to the addition of flanking sequences of ribonucleotides 
or deoxyribonucleotides to the 5' and/or 3' ends of the molecule or the use of 
phosphorothioate or 2* O-methyl rather than phosphodiesterase linkages within the 
oligodeoxyribonucleotide backbone. 

25 5. Drug Screening Assays 

In certain aspects, the present application provides assays for identifying 
therapeutic agents which either interfere with or promote POSH or POSH-AK 
function. In certain aspects, the present application also provides assays for 
identifying therapeutic agents w hich either interfere w ith or promote the complex 
30 formation between a POSH polypeptide and a POSH-AK polypeptide. 

In certain embodiments, agents of the application are antiviral agents, 
optionally interfering with viral maturation, and preferably where the virus is an 
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envelope virus, and optionally a retroid virus or an RNA virus. In other 
embodiments, agents of the application are anticancer agents. In certain 
embodiments, an antiviral or anticancer agent interferes with the ubiquitin ligase 
catalytic activity of POSH (e.g., POSH auto-ubiquitination or transfer to a target 
5 protein). In other embodiments, agents disclosed herein inhibit or promote POSH 
and POSH-AK mediated cellular processes such as apoptosis and protein processing 
in the secretory pathway. 

In certain preferred embodiments, an antiviral agent interferes with the 
interaction between POSH and a POSH-AK polypeptide, for example an antiviral 

10 agent may disrupt or render irreversible interaction between a POSH polypeptide 
and POSH-AK polypeptide such as a PKA subunit polypeptide (as in the case of a 
POSH d imer, a heterodimer oft wo d ifferent P OSH p olypeptides, h omomultimers 
and heteromultimers). In further embodiments, agents of the application are anti- 
apoptotic agents, optionally interfering with JNK and/or NF-kB signaling. In yet 

15 additional embodiments, agents of the application interfere with the signaling of a 
GTPase, such as Rac or Ras, optionally disrupting the interaction between a POSH 
polypeptide and a Rac protein. In certain embodiments, agents of the application 
modulate the ubiquitin ligase activity of POSH and may be used to treat certain 
diseases related to ubiquitin ligase activity. 

20 In certain embodiments, the application provides assays to identify, optimize 

or otherwise assess agents that increase or decrease a ubiquitin-related activity of a 
POSH polypeptide. Ubiquitin-related activities of POSH polypeptides may include 
the self-ubiquitination activity of a POSH polypeptide, generally involving the 
transfer of ubiquitin from an E2 enzyme to the POSH polypeptide, and the 

25 ubiquitination of a target protein, generally involving the transfer of a ubiquitin from 
a POSH polypeptide to the target protein. In certain embodiments, a POSH activity 
is mediated, at least in part, by a POSH RING domain. 

In certain embodiments, an assay comprises forming a mixture comprising a 
POSH polypeptide, an E2 polypeptide and a source of ubiquitin (which may be the 

30 E2 polypeptide pre-complexed with ubiquitin). Optionally the mixture comprises an 
El polypeptide and optionally the mixture comprises a target polypeptide. 
Additional components of the mixture may be selected to provide conditions 
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consistent with the ubiquitination of the POSH polypeptide. One or more of a 
variety of parameters may be detected, such as POSH-ubiquitin conjugates, E2- 
ubiquitin thioesters, free ubiquitin and target polypeptide-ubiquitin complexes. The 
term "detect" is used herein to include a determination of the presence or absence of 
5 the subject of detection (e.g., POSH-ubiqutin, E2-ubiquitin, etc.), a quantitative 
measure of the amount of the subject of detection, or a mathematical calculation of 
the presence, absence or amount of the subject of detection, based on the detection 
of other parameters. The term "detect" includes the situation wherein the subject of 
detection is determined to be absent or below the level of sensitivity. Detection may 

10 comprise detection of a label (e.g., fluorescent label, radioisotope label, and other 
described below), resolution and identification by size (e.g., SDS-PAGE, mass 
spectroscopy), purification and detection, and other methods that, in view of this 
specification, will be available to one of skill in the art. For instance, radioisotope 
labeling may be measured by scintillation counting, or by densitometry after 

15 exposure to a photographic emulsion, or by using a device such as a 
Phosphorimager. Likewise, densitometry may be used to measure bound ubiquitin 
following a reaction with an enzyme label substrate that produces an opaque product 
when an enzyme label is used. In a preferred embodiment, an assay comprises 
detecting the POSH-ubiquitin conjugate. 

20 In certain embodiments, an assay comprises forming a mixture comprising a 

POSH polypeptide, a target polypeptide and a source of ubiquitin (which may be the 
POSH polypeptide pre-complexed with ubiquitin). Optionally the mixture 
comprises an El and/or E2 polypeptide and optionally the mixture comprises an E2- 
ubiquitin thioester. Additional components of the mixture may be selected to 

25 provide conditions consistent with the ubiquitination of the target polypeptide. One 
or more of a variety of parameters may be detected, such as POSH-ubiquitin 
conjugates and target polypeptide-ubiquitin conjugates. In a preferred embodiment, 
an assay comprises detecting the target polypeptide-ubiquitin conjugate. In another 
preferred embodiment, an assay comprises detecting the POSH-ubiquitin conjugate. 

30 An assay described above may be used in a screening assay to identify agents 

that modulate a ubiquitin-related activity of a POSH polypeptide. A screening assay 
will generally involve adding a test agent to one of the above assays, or any other 
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assay designed to assess a ubiquitin-related activity of a POSH polypeptide. The 
parameter(s) detected in a screening assay may be compared to a suitable reference. 
A suitable reference may be an assay run previously, in parallel or later that omits 
the test agent. A suitable reference may also be an average of previous 
5 measurements in the absence of the test agent. In general the components of a 
screening assay mixture may be added in any order consistent with the overall 
activity to be assessed, but certain variations may be preferred. For example, in 
certain embodiments, it may be desirable to pre-incubate the test agent and the E3 
(e.g., the POSH polypeptide), followed by removing the test agent and addition of 

10 other components to complete the assay. In this manner, the effects of the agent 
solely on the POSH polypeptide may be assessed. In certain preferred 
embodiments, a screening assay for an antiviral agent employs a target polypeptide 
comprising an L domain, and preferably an HIV L domain. 

In certain embodiments, an assay is performed in a high-throughput format. 

15 For example, one of the components of a mixture may be affixed to a solid substrate 
and one or more of the other components is labeled. For example, the POSH 
polypeptide may be affixed to a surface, such as a 96- well plate, and the ubiquitin is 
in solution and labeled. An E2 and El are also in solution, and the POSH-ubiquitin 
conjugate formation may be measured by washing the solid surface to remove 

20 uncomplexed labeled ubiquitin and detecting the ubiquitin that remains bound. 
Other variations may be used. For example, the amount of ubiquitin in solution may 
be detected. In certain embodiments, the formation of ubiquitin complexes may be 
measured by an interactive technique, such as FRET, wherein a ubiquitin is labeled 
with a first label and the desired complex partner (e.g., POSH polypeptide or target 

25 polypeptide) is labeled with a second label, wherein the first and second label 
interact when they come into close proximity to produce an altered signal. In 
FRET, the first and second labels are fluorophores. FRET is described in greater 
detail below. The formation of polyubiquitin complexes may be performed by 
mixing two or more pools of differentially labeled ubiquitin that interact upon 

30 formation of a polyubiqutin (see, e.g., US Patent Publication 20020042083). High- 
throughput may be achieved by performing an interactive assay, such as FRET, in 
solution as well. In addition, if a polypeptide in the mixture, such as the POSH 
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polypeptide or target polypeptide, is readily purifiable (e.g., with a specific antibody 
or via a tag such as biotin, FLAG, polyhistidine, etc.), the reaction may be 
performed in solution and the tagged polypeptide rapidly isolated, along with any 
polypeptides, such as ubiquitin, that are associated with the tagged polypeptide. 
5 Proteins may also be resolved by SDS-PAGE for detection. 

In certain embodiments, the ubiquitin is labeled, either directly or indirectly. 
This typically allows for easy and rapid detection and measurement of ligated 
ubiquitin, making the assay useful f or h igh-throughput screening applications. As 
descrived above, certain embodiments may employ one or more tagged or labeled 

10 proteins. A "tag" is meant to include moieties that facilitate rapid isolation of the 
tagged polypeptide. A tag may be used to facilitate attachment of a polypeptide to a 
surface. A "label" is meant to include moieties that facilitate rapid detection of the 
labeled polypeptide. Certain moieties may be used both as a label and a tag (e.g., 
epitope tags that are readily purified and detected with a well-characterized 

15 antibody). Biotinylation of polypeptides is well known, for example, a large number 
of biotinylation agents are known, including amine-reactive and thiol-reactive 
agents, for the biotinylation of proteins, nucleic acids, carbohydrates, carboxylic 
acids; see chapter 4, Molecular Probes Catalog, Haugland, 6th Ed. 1996, hereby 
incorporated by reference. A biotinylated substrate can be attached to a biotinylated 

20 component via avidin or streptavidin. Similarly, a large number of haptcnylation 
reagents are also known. 

An "El" is a ubiquitin activating enzyme, ha a preferred embodiment, El is 
capable of transferring ubiquitin to an E2. In a preferred embodiment, El forms a 
high energy thiolester bond with ubiquitin, thereby "activating" the ubiquitin. An 

25 "E2 M is a ubiquitin carrier enzyme (also known as a ubiquitin conjugating enzyme). 
In a preferred embodiment, ubiquitin is transferred from El to E2. In a preferred 
embodiment, the transfer results in a thiolester bond formed between E2 and 
ubiquitin. In a preferred embodiment, E2 i s capable o f transferring ubiquitin to a 
POSH polypeptide. 

30 In an alternative embodiment, a POSH polypeptide, E2 or target polypeptide 

is bound to a bead, optionally with the assistance of a tag. Following ligation, the 
beads may be separated from the unbound ubiquitin and the bound ubiquitin 
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measured. In a prefenred embodiment, POSH polypeptide is bound to beads and the 
composition used includes labeled ubiquitin. In this embodiment, the beads with 
bound ubiquitin may be separated using a fluorescence-activated cell sorting 
(FACS) machine. Methods for such use are described in U.S. patent application Ser. 
5 No. 09/047,119, which is hereby incorporated in its entirety. The amount of bound 
ubiquitin can then be measured. 

In a screening assay, the effect of a test agent may be assessed by, for 
example, assessing the effect of the test agent on kinetics, steady-state and/or 
endpoint of the reaction. 

10 The components of the various assay mixtures provided herein may be 

combined in varying amounts. In a preferred embodiment, ubiquitin (or E2 
complexed ubiquitin) is combined at a final concentration of from 5 to 200 ng per 
100 microliter reaction solution. Optionally El is used at a final concentration of 
from 1 to 50 ng per 100 microliter reaction solution. Optionally E2 is combined at a 

15 final concentration of 10 to 100 ng per 100 microliter reaction solution, more 
preferably 10-50 ng per 100 microliter reaction solution. In a preferred embodiment, 
POSH polypeptide is combined at a final concentration of from 1 to 500 ng per 100 
microliter reaction solution. 

Generally, an assay mixture is prepared so as to favor ubiquitin ligase 

20 activity and/or ubiquitination acitivty. Generally, this will be physiological 
conditions, such as 50 - 200 mM salt (e.g., NaCl, KC1), pH of between 5 and 9, and 
preferably between 6 and 8. Such conditions may be optimized through trial and 
error. Incubations m ay be p erformed at any t emperature which f acilitates o ptimal 
activity, typically between 4 and 40 °C. Incubation periods are selected for optimum 

25 activity, but may also be optimized to facilitate rapid high through put s creening. 
Typically between 0.5 and 1 .5 hours will be sufficient. A variety of other reagents 
may be included in the compositions. These include reagents like salts, solvents, 
buffers, neutral proteins, e.g., albumin, detergents, etc. which may be used to 
facilitate optimal ubiquitination enzyme activity and/or reduce non-specific or 

30 background interactions. Also reagents that otherwise improve the efficiency of the 
assay, such as protease inhibitors, nuclease inhibitors, ant i -microbial agents, etc., 
may be used. The compositions will also preferably include adenosine tri-phosphate 
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(ATP). The mixture of components may be added in any order that promotes 
ubiquitin ligase activity or optimizes identification of candidate modulator effects. In 
a preferred embodiment, ubiquitin is provided in a reaction buffer solution, followed 
by addition of the ubiquitination enzymes. In an alternate preferred embodiment, 
5 ubiquitin is provided in a reaction buffer solution, a candidate modulator is then 
added, followed by addition of the ubiquitination enzymes. 

In general, a test agent that decreases a POSH ubiquitin-related activity may 
be used to inhibit POSH function in vivo, while a test agent that increases a POSH 
ubiquitin-related activity may be used to stimulate POSH function in vivo. Test 
10 agent may be modified for use in vivo, e.g., by addition of a hydrophobic moiety, 
such as an ester. 

An additional POSH-AK may be added to a POSH ubiquitination assay to 
assess t he e ffect o f t he POSH-AK ( e.g., P RKAR1 A, P RKACA, o r P RKACB) o n 
POSH-mediated ubiquitination and/or to assess w hether the POSH-AK is a target 

1 5 for POSH-mediated ubiquitination. 

Certain embodiments of the application relate to assays for identifying agents 
that bind to a POSH or POSH-AK polypeptide, optionally a particular domain of 
POSH such as an SH3 or RING domain or a particular domain of a POSH-AK, 
particularly a kinase catalytic domain or ATP binding domain. In preferred 

20 embodiments, a POSH polypeptide is a polypeptide comprising the fourth SH3 
domain of hPOSH (SEQ ID NO: 30). A wide variety of assays may be used for this 
purpose, including labeled in vitro protein-protein binding assays, electrophoretic 
mobility shift assays, immunoassays for protein binding, and the like. The purified 
protein may also be used for determination of three-dimensional crystal structure, 

25 which can be used for modeling intermolecular interactions and design of test 
agents. In one embodiment, an assay detects agents which inhibit interaction of one 
or more subject POSH polypeptides with a POSH-AK. In another embodiment, the 
assay detects agents which modulate the intrinsic biological activity of a POSH 
polypeptide or POSH complex, such as an enzymatic activity, binding to other 

30 cellular components, cellular compartmentalization, and the like. 

Certain embodiments of the application relate to assays for identifying agents 
that modulate a POSH-AK polypeptide such as a PKA subunit polypeptide. 
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Preferred PKA subunit polypeptides include PRKAR1 A, PRKACA, and PRKACB. 
Exemplary assays used for this purpose may include detecting phosphorylation of 
PKA subunit, kinase activity of the PKA subunit, ability of the PKA subunit to elicit 
downstream signaling of the PKA pathway, and the like. For example, activity of 
5 protein kinase A can be assayed either in vitro or in vivo. PKA activity can be 
determined b y d etecting p osphorylation o f a P KA s pecific s ubstrate. T he s pecific 
PKA substrate can be any convenient peptide with a serine that is recognized as a 
phosphorylation site by PKA. For example, the peptide substrate can have the 
sequence: Leu-Arg-Arg-AIa- Ser-Leu-Gly. 

10 In one aspect, the application provides methods and compositions for the 

identification of compositions that interfere with the function of POSH or POSH- 
AK polypeptides. Given the role of POSH polypeptides in viral production, 
compositions that perturb the formation or stability of the protein-protein 
interactions between POSH polypeptides and the proteins that they interact with, 

15 such as POSH-AKs, and particularly POSH complexes comprising a viral protein, 
are candidate pharmaceuticals for the treatment of viral infections. 

While not wishing to be bound to mechanism, it is postulated that POSH 
polypeptides promote the assembly of protein complexes that are important in 
release of virions and other biological processes. Complexes of the application may 

20 include a combination of a POSH polypeptide and a POSH-AK. Exemplary 
complexes may comprise one or more of the following: a POSH polypeptide (as in 
the case of a POSH dimer, a heterodimer of two different POSH, homomultimers 
and heteromul timers); a PKA subunit polypeptide (e.g., PRKAR1A, PRKACA, or 
PRKACB). 

25 In an assay for an antiviral or antiapoptotic agent, the test agent is assessed 

for its ability to disrupt or inhibit the formation of a complex of a POSH polypeptide 
and a small GTPase, such as Rac or Chp polypeptide, particularly a human Rac 
polypeptide, such as Racl. 

A variety of assay formats will suffice and, in light of the present disclosure, 

30 those not expressly described herein will nevertheless be comprehended by one of 
ordinary skill in the art. Assay formats which approximate such conditions as 
formation of protein complexes, enzymatic activity, and even a POSH polypeptide- 
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mediated membrane reorganization or vesicle formation activity, may be generated 
in many different forms, and include assays based on cell-free systems, e.g., purified 
proteins or cell lysates, as well as cell-based assays which utilize intact cells. 
Simple binding assays can also be used to detect agents which bind to POSH. Such 
5 binding assays may also identify agents that act by disrupting the interaction 
between a POSH polypeptide and a POSH interacting protein, or the binding of a 
POSH polypeptide or complex to a substrate. Agents to be tested can be produced, 
for example, by bacteria, yeast or other organisms (e.g., natural products), produced 
chemically (e.g., small molecules, including peptidomimetics), or produced 

10 recombinantly. In a preferred embodiment, the test agent is a small organic 
molecule, e.g., other than a peptide or oligonucleotide, having a molecular weight of 
less than about 2,000 daltons. 

In many drug screening programs which test libraries of compounds and 
natural extracts, high throughput assays are desirable in order to maximize the 

15 number of compounds surveyed in a given period of time. Assays of the present 
application which are performed in cell-free systems, such as may be developed with 
purified or semi-purified proteins or with lysates, are often preferred as "primary" 
screens in that they can be generated to permit rapid development and relatively easy 
detection of an alteration in a molecular target which is mediated by a test 

20 compound. Moreover, the effects of cellular toxicity and/or bioavailability of the 
test compound can be generally ignored in the in vitro system, the assay instead 
being focused primarily on the effect of the drug on the molecular target as may be 
manifest in an alteration of binding affinity with other proteins or changes in 
enzymatic properties of the molecular target. 

25 In preferred in vitro embodiments of the present assay, a reconstituted POSH 

complex c omprises a r econstituted m ixture o f at 1 east s emi-purified p roteins. B y 
semi-purified, it is meant that the proteins utilized in the reconstituted mixture have 
been previously separated from other cellular or viral proteins. For instance, in 
contrast to cell lysates, the proteins involved in POSH complex formation are 

30 present in the mixture to at least 50% purity relative to all other proteins in the 
mixture, and more preferably are present at 90-95% purity. In certain embodiments 
of the subject method, the reconstituted protein mixture is derived by mixing highly 
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purified proteins such that the reconstituted mixture substantially lacks other 
proteins (such as of cellular or viral origin) which might interfere with or otherwise 
alter the ability to measure POSH complex assembly and/or disassembly. 

Assaying POSH complexes, in the presence and absence of a candidate 
5 inhibitor, can be accomplished in any vessel suitable for containing the reactants. 
Examples include microtitre plates, test tubes, and micro-centrifuge tubes. 

In one embodiment of the present application, drug screening assays can be 
generated which detect inhibitory agents on the basis of their ability to interfere with 
assembly or stability of the POSH complex. In an exemplary binding assay, the 

10 compound of interest is contacted with a mixture comprising a POSH polypeptide 
and at least one interacting polypeptide. Detection and quantification of POSH 
complexes provides a means for determining the compound's efficacy at inhibiting 
(or potentiating) interaction between the two polypeptides. The efficacy of the 
compound can be assessed by generating dose response curves from data obtained 

15 using various concentrations of the test compound. Moreover, a control assay can 
also be performed to provide a baseline for comparison. In the control assay, the 
formation of complexes is quantitated in the absence of the test compound. 

Complex formation between the POSH polypeptides and a substrate 
polypeptide may be detected by a variety of techniques, many of which are 

20 effectively described above. For instance, modulation in the formation of complexes 
can be quantitated using, for example, detectably labeled proteins (e.g., radiolabeled, 
fluorescently labeled, or enzymatically labeled), by immunoassay, or by 
chromatographic detection. Surface plasmon resonance systems, such as those 
available from B iacore International A B ( Uppsala, S weden), m ay a Iso b e u sed t o 

25 detect protein-protein interaction 

Often, it will be desirable to immobilize one of the polypeptides to facilitate 
separation of complexes from uncomplexed forms of one of the proteins, as well as 
to accommodate automation of the assay. In an illustrative embodiment, a fusion 
protein can be provided which adds a domain that permits the protein to be bound to 

30 an insoluble matrix. For example, GST-POSH fusion proteins can be adsorbed onto 
glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or glutathione 
derivatizcd microtitre plates, which are then combined with a potential interacting 
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protein, e.g., an S-labeled polypeptide, and the test compound and incubated under 
conditions conducive toe omplex f ormation. F ollowing i ncubation, the b eads are 
washed to remove any unbound interacting protein, and the matrix bead-bound 
radiolabel determined directly (e.g., beads placed in scintillant), or in the supernatant 
5 after the complexes are dissociated, e.g., when microtitre plate is used. 
Alternatively, after washing away unbound protein, the complexes can be 
dissociated from the matrix, separated by SDS-PAGE gel, and the level of 
interacting polypeptide found in the matrix-bound fraction quantitated from the gel 
using standard electrophoretic techniques. 

10 In a further embodiment, agents that bind to a POSH or POSH-AP may be 

identified by using an immobilized POSH or POSH-AP. In an illustrative 
embodiment, a fusion protein can be provided which adds a domain that permits the 
protein to be bound to an insoluble matrix. For example, GST-POSH fusion 
proteins can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. 

15 Louis, MO) or glutathione derivatized microtitre plates, which are then combined 
with a potential labeled binding agent and incubated under conditions conducive to 
binding. Following incubation, the beads are washed to remove any unbound agent, 
and the matrix bead-bound label determined directly, or in the supernatant after the 
bound agent is dissociated. 

20 In yet another embodiment, the POSH polypeptide and potential interacting 

polypeptide can be used to generate an interaction trap assay (see also, U.S. Patent 
NO: 5,283,317; Zervos et al. (1993) Cell 72:223-232; Madura et al. (1993) J Biol 
Chem 268:12046-12054; Bartel et al. (1993) Biotechniques 14:920-924; and 
Iwabuchi et al. ( 1993) Oncogene 8 : 1693-1 696), for s ubsequently d etecting agents 

25 which disrupt binding of the proteins to one and other. 

In particular, the method makes use of chimeric genes which express hybrid 
proteins. To illustrate, a first hybrid gene comprises the coding sequence for a 
DNA-binding domain of a transcriptional activator can be fused in frame to the 
coding sequence for a "bait" protein, e.g., a POSH polypeptide of sufficient length to 

30 bind to a potential interacting protein. The second hybrid protein encodes a 
transcriptional activation domain fused in frame to a gene encoding a "fish" protein, 
e.g., a p otential i nteracting p rotein o f s uflicient length t o i nteract with t he P OSH 
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polypeptide portion of the bait fusion protein. If the bait and fish proteins are able to 
interact, e.g., form a POSH complex, they bring into close proximity the two 
domains o f t he t ranscriptional a ctivator. T his p roximity c auses t ranscription o f a 
reporter gene which is operably linked to a transcriptional regulatory site responsive 
5 to the transcriptional activator, and expression of the reporter gene can be detected 
and used to score for the interaction of the bait and fish proteins. 

One aspect of the present application provides reconstituted protein 
preparations including a POSH polypeptide and one or more interacting 
polypeptides. 

10 In still further embodiments of the present assay, the POSH complex is 

generated in whole cells, taking advantage of cell culture techniques to support the 
subject assay. For example, as described below, the POSH complex can be 
constituted in a eukaryotic cell culture system, including mammalian and yeast cells. 
Often it will be desirable to express one or more viral proteins (e.g., Gag or Env) in 

15 such a cell along with a subject POSH polypeptide. It may also be desirable to 
infect the cell with a virus of interest. Advantages to generating the subject assay in 
an intact cell include the ability to detect inhibitors which are functional in an 
environment more closely approximating that which therapeutic use of the inhibitor 
would require, including the ability of the agent to gain entry into the cell. 

20 Furthermore, certain of the in vivo embodiments of the assay, such as examples 
given below, are amenable to high through-put analysis of candidate agents. 

The components of the POSH complex can be endogenous to the cell 
selected to support the assay. Alternatively, some or all of the components can be 
derived from exogenous sources. For instance, fusion proteins can be introduced 

25 into the cell by recombinant techniques (such as through the use of an expression 
vector), as well as by microinjecting the fusion protein itself or mRNA encoding the 
fusion protein. 

In many embodiments, a cell is manipulated after incubation with a candidate agent 
and assayed for a POSH or POSH-AK activity. In certain embodiments a POSH or 
30 POSH-AK activity is represented by production of virus like particles. As 
demonstrated herein, an agent that disrupts POSH or POSH-AP activity can cause a 
decrease in the production of virus like particles. Other bioassays for POSH or 
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POSH-AP activities may include apoptosis assays (e.g., cell survival assays, 
apoptosis reporter gene assays, etc.) and NF-kB nuclear localization assays (see e.g., 
Tapon et al. (1998) EMBO J. 17: 1395-1404). In certain embodiments, POSH or 
POSH-AK activities may include, without limitation, complex formation, 
5 ubiquitination and membrane fusion events (eg. release of viral buds or fusion of 
vesicles). POSH-AK activity may be assessed by the presence of phosphorylated 
substrate, such as, in the case of PKA, phosphorylated POSH. The interaction of 
POSH with a small GTPase such as Rac or Chp may also be indicative of the 
absence of phosphorylation of POSH by PKA. POSH complex formation may be 

10 assessed by immunoprecipitation and analysis of co-immunoprecipiated proteins or 
affinity purification and analysis of co-purified proteins. Fluorescence Resonance 
Energy Transfer (FRET)-based assays or other energy transfer assays may also be 
used to determine complex formation. 

In a further embodiment, transcript levels may be measured in cells having 

15 higher or lower levels of POSH or POSH-AP activity in order to identify genes that 
are regulated by POSH or POSH-APs. Promoter regions for such genes (or larger 
portions of such genes) may be operatively linked to a reporter gene and used in a 
reporter gene-based assay to detect agents that enhance or diminish POSH- or 
POSH-AP-regulated gene expression. Transcript levels may be determined in any 

20 way known in the art, such as, for example, Northern blotting, RT-PCR, micro array, 
etc. Increased POSH activity may be achieved, for example, by introducing a strong 
POSH expression vector. Decreased POSH activity may be achieved, for example, 
by RNAi, antisense, ribozyme, gene knockout, etc. 

In general, where the screening assay is a binding assay (whether protein- 

25 protein binding, agent-protein binding, etc.), one or more of the molecules may be 
joined to a label, where the label can directly or indirectly provide a detectable 
signal. Various labels include radioisotopes, fluorescers, chemiluminescers, 
enzymes, specific binding molecules, particles, e.g., magnetic particles, and the like. 
Specific b inding m olecules i nclude p airs, s uch as b iotin a nd s treptavidin, d igoxin 

30 and antidigoxin etc. For the specific binding members, the complementary member 
would normally be labeled with a molecule that provides for detection, in 
accordance with known procedures. 
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In further embodiments, the application provides methods for identi Tying 
targets for therapeutic intervention. A polypeptide that interacts with POSH or 
participates in a POSH-rnediated process (such as viral maturation) may be used to 
identify candidate therapeutics. Such targets may be identified by identifying 
5 proteins that associated with POSH (POSH-APs) by, for example, 
immunoprecipitation with an anti-POSH antibody, in silico analysis of high- 
throughput binding data, two-hybrid screens, and other protein-protein interaction 
assays described herein or otherwise known in the art in view of this disclosure. 
Agents t hat b ind t o s uch t argets o r d isrupt p rotein-protein i nteractions t hereof, o r 

10 inhibit a biochemical activity thereof may be used in such an assay. Targets that 
have been identified by such approaches include a PKA subunit polypeptide (e.g., 
PRKAR1 A, PRKACA, or PRKACB). 

A variety of other reagents may be included in the screening assay. These 
include reagents like salts, neutral proteins, e.g., albumin, detergents, etc that are 

15 used to facilitate optimal protein-protein binding and/or reduce nonspecific or 
background interactions. Reagents that improve the efficiency of the assay, such as 
protease inhibitors, nuclease inhibitors, anti- microbial agents, etc. may be used. The 
mixture of components are added in any order that provides for the requisite 
binding. Incubations are performed at any suitable temperature, typically between 4 

20 °C and 40 °C. Incubation periods are selected for optimum activity, but may also be 
optimized to facilitate rapid high-throughput screening. 

In certain embodiments, a test agent may be assessed for antiviral or 
anticancer activity by assessing effects on an activity (function) of a POSH-AK. 
Activity (function) may be affected by an agent that acts at one or more of the 

25 transcriptional, translational or post-translational stages. For example, an siRNA 
directed to a POSH-AP encoding gene will decrease activity, as will a small 
molecule that interferes with a catalytic activity of a POSH-AK. In certain 
embodiments, the agent inhibits the activity of one or more polypeptides selected 
from the group consisting of: JNK1, JNK2, MLK1, MLK2, and MLK3. JNK 

30 activity may be assessed in biochemical or cell-based assays by determining 
phosphorylation of a JNK substrate, such as Jun. JNK activity may also be assessed 
by determining expression of a nucleic acid, preferably a nucleic acid encoding a 
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reporter gene, which is under control of a promoter that is responsive to JNK, such 
as a Jun regulated promoter. MLK activity may be assessed in biochemical or cell- 
based assays by determining phosphorylation of a MLK substrate, such as MKK4 or 
MKK7. MLK activity may also be assessed by determining expression of a nucleic 
acid, preferably a nucleic acid encoding a reporter gene, which is under control of a 
promoter that is responsive to MLK activity, such as a MLK- JNK pathway regulated 
promoter. MKK activity may be assessed in biochemical or cell-based assays by 
determining p hosphorylation o f a M KK s ubstrate, s uch asa JNK. M KK a ctivity 
may also be assessed by determining expression of a nucleic acid, preferably a 
nucleic acid encoding a reporter gene, which is under control of a promoter that is 
responsive to MKK activity, such as a MKK- JNK pathway regulated promoter. 

6. Exemplary Nucleic Acids and Expression Vectors 

In certain aspects, the application relates to nucleic acids encoding POSH 
polypeptides, such as, for example, SEQ ID Nos: 2, 5, 7, 9, 11, 26, 27, 28, 29 and 
30. Nucleic acids of the application are further understood to include nucleic acids 
that comprise variants of SEQ ID Nos:l, 3, 4, 6, 8, 10, 31, 32, 33, 34, and 35. 
Variant nucleotide sequences include sequences that differ by one or more 
nucleotide substitutions, additions or deletions, such as allelic variants; and will, 
therefore, include coding sequences that differ from the nucleotide sequence of the 
coding sequence designated in SEQ ID Nos:l, 3, 4, 6, 8 10, 31, 32, 33, 34, and 35, 
e.g., due to the degeneracy of the genetic code. In other embodiments, variants will 
also include sequences that will hybridize under highly stringent conditions to a 
nucleotide sequence of a coding sequence designated in any of SEQ ID Nos:l, 3, 4, 
6, 8 10, 31, 32, 33, 34, and 35. Preferred nucleic acids of the application are human 
POSH sequences, including, for example, any of SEQ ID Nos: 1, 3, 4, 6, 31, 32, 33, 
34, 35 and variants thereof and nucleic acids encoding an amino acid sequence 
selected from among SEQ ID Nos: 2, 5, 7, 26, 27, 28, 29 and 30. 

In certain aspects, the application relates to nucleic acids encoding POSH- 
AK polypeptides. For example, a POSH-AK of the disclosure is PKA, which may 
comprise one or more subunit including PRKAR1A, PRKACA, and PRKACB. 
Nucleic acid sequences encoding these PKA subunits are provided in Example 12. 
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Other examples of POSH- AK of the disclosure are kinases of a Rac-JNK signaling 
pathway, including JNK1, JNK2, MLK1, MLK2, MLK3, MKK4, and MKK7. 
Nucleic acid sequences encoding these kinases (e.g., JNK, MLK and MKK) are 
provided in Table 7. In certain embodiments, variants will also include nucleic acid 
5 sequences that will hybridize under highly stringent conditions to a nucleotide 
sequence of a coding sequence of a POSH-AK. Preferred nucleic acids of the 
application are human POSH-AK sequences and variants thereof. 

One of ordinary skill in the art will understand readily that appropriate 
stringency conditions which promote DNA hybridization can be varied. For 

10 example, one could perform the hybridization at 6.0 x sodium chloride/sodium 
citrate (SSC) at about 45 °C, followed by a wash of 2.0 x SSC at 50 °C. For 
example, the salt concentration in the wash step can be selected from a low 
stringency of about 2.0 x SSC at 50 °C to a high stringency of about 0.2 x SSC at 50 
°C. In addition, the temperature in the wash step can be increased from low 

15 stringency conditions at room temperature, about 22 °C, to high stringency 
conditions at about 65 °C. Both temperature and salt may be varied, or temperature 
or salt concentration may be held constant while the other variable is changed. In 
one embodiment, the application provides nucleic acids which hybridize under low 
stringency conditions of 6 x SSC at room temperature followed by a wash at 2 x 

20 SSC at room temperature. N 
Isolated nucleic acids which differ from the POSH nucleic acid sequences or 
from the POSH-AK nucleic acid sequences due to degeneracy in the genetic code 
are also within the scope of the application. For example, a number of amino acids 
are designated by more than one triplet. Codons that specify the same amino acid, 

25 or synonyms (for example, CAU and CAC are synonyms for histidine) may result in 
"silent" mutations which do not affect the amino acid sequence of the protein. 
However, it is expected that DNA sequence polymorphisms that do lead to changes 
in t he a mino a cid s equences o f t he s ubject p roteins w ill e xist a mong m ammalian 
cells. One skilled in the art will appreciate that these variations in one or more 

30 nucleotides (up to about 3-5% of the nucleotides) of the nucleic acids encoding a 
particular protein may exist among individuals of a given species due to natural 
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allelic variation. Any and all such nucleotide variations and resulting amino acid 
polymorphisms are within the scope of this application. 

Optionally, a POSH or a POSH-AK nucleic acid of the application will 
genetically complement a partial or complete loss of function phenotype in a cell. 
5 For example, a POSH nucleic acid of the application may be expressed in a cell in 
which endogenous POSH has been reduced by RNAi, and the introduced POSH 
nucleic acid will mitigate a phenotype resulting from the RNAi. An exemplary 
POSH loss of function phenotype is a decrease in virus-like particle production in a 
cell transfected with a viral vector, optionally an HIV vector. 

10 Another aspect of the application relates to POSH and POSH-AK nucleic 

acids that are used for antisense, RNAi or ribozymes. As used herein, nucleic acid 
therapy refers to administration or in situ generation of a nucleic acid or a derivative 
thereof which specifically hybridizes (e.g., binds) under cellular conditions with the 
cellular mRNA and/or genomic DNA encoding one of the POSH or POSH-AK 

15 polypeptides so as to inhibit production of that protein, e.g., by inhibiting 
transcription and/or translation. The binding may be by conventional base pair 
complementarity, or, for example, in the case of binding to DNA duplexes, through 
specific interactions in the major groove of the double helix. 

A nucleic acid therapy construct of the present application can be delivered, 

20 for example, as an expression plasmid which, when transcribed in the cell, produces 
RNA w hich i s c omplementary to at 1 east a u nique p ortion o f t he c ellular m RNA 
which encodes a POSH or POSH-AK polypeptide. Alternatively, the the construct 
is an oligonucleotide which is generated ex vivo and which, when introduced into 
the cell causes inhibition of expression by hybridizing with the mRNA and/or 

25 genomic sequences encoding a POSH or POSH-AK polypeptide. Such 
oligonucleotide probes are optionally modified oligonucleotide which are resistant 
to endogenous nucleases, e.g., exonucleases and/or endonucleases, and is therefore 
stable in vivo. Exemplary nucleic acid molecules for use as antisense 
oligonucleotides are phosphoramidate, phosphothioate and methylphosphonate 

30 analogs of DNA (see also U.S. Patents 5,176,996; 5,264,564; and 5,256,775). 
Additionally, general approaches to constructing oligomers useful in nucleic acid 
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therapy have been reviewed, for example, by van der Krol et al., (1988) 
Biotechniques 6:958-976; and Stein et al., (1988) Cancer Res 48:2659-2668. 

Accordingly, the modified oligomers of the application are useful in 
therapeutic, diagnostic, and research contexts. In therapeutic applications, the 
5 oligomers are utilized in a manner appropriate for nucleic acid therapy in general. 

In another aspect of the application, the subject nucleic acid is provided in an 
expression vector comprising a nucleotide sequence encoding a POSH or POSH-AK 
polypeptide and operably linked to at least one regulatory sequence. Regulatory 
sequences are art-recognized and are selected to direct expression of the POSH or 

10 POSH-AK polypeptide. Accordingly, the term regulatory sequence includes 
promoters, enhancers and other expression control elements. Exemplary regulatory 
sequences are described in Goeddel; Gene Expression Technology: Methods in 
Enzymology, Academic Press, San Diego, CA (1990). For instance, any of a wide 
variety of expression control sequences that control the expression of a DNA 

15 sequence when operatively linked to it may be used in these vectors to express DNA 
sequences encoding a POSH or POSH-AK polypeptide. Such useful expression 
control sequences, include, for example, the early and late promoters of SV40, tet 
promoter, adenovirus or cytomegalovirus immediate early promoter, the lac system, 
the trp system, the TAC or TRC system, T7 promoter whose expression is directed 

20 by T7 RNA polymerase, the major operator and promoter regions of phage lambda , 
the control regions for fd coat protein, the promoter for 3-phosphoglycerate kinase 
or other glycolytic enzymes, the promoters of acid phosphatase, e.g., Pho5, the 
promoters of the yeast ct-mating factors, the polyhedron promoter of the baculo virus 
system and other sequences known to control the expression of genes of prokaryotic 

25 or eukaryotic cells or their viruses, and various combinations thereof. It should be 
understood that the design of the expression vector may depend on such factors as 
the choice of the host ceil to be transformed and/or the type of protein desired to be 
expressed. Moreover, the vector's copy number, the ability to control that copy 
number and the expression of any other protein encoded by the vector, such as 

30 antibiotic markers, should also be considered. 

As will be apparent, the subject gene constructs can be used to cause 
expression of the POSH or POSH-AK polypeptides in cells propagated in culture, 
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e.g., to produce proteins or polypeptides, including fusion proteins or polypeptides, 
for purification. 

This application also pertains to a host cell transfected with a recombinant 
gene including a coding sequence for one or more of the POSH or POSH-AK 
5 polypeptides. The host cell may be any prokaryotic or eukaryotic cell. For 
example, a polypeptide of the present application may be expressed in bacterial cells 
such as E. coli, insect cells (e.g., using a baculovirus expression system), yeast, or 
mammalian cells. Other suitable host cells are known to those skilled in the art. 
Accordingly, the present application further p ertains to methods o f producing the 

10 POSH or POSH-AK polypeptides. For example, a host cell transfected with an 
expression vector encoding a POSH polypeptide can be cultured under appropriate 
conditions to allow expression of the polypeptide to occur. The polypeptide may be 
secreted and isolated from a mixture of cells and medium containing the 
polypeptide. Alternatively, the polypeptide may be retained cytoplasmically and the 

15 cells harvested, lysed and the protein isolated. A cell culture includes host cells, 
media and other byproducts. Suitable media for cell culture are well known in the 
art. The polypeptide can be isolated from cell culture medium, host cells, or both 
using techniques known in the art for purifying proteins, including ion-exchange 
chromatography, gel filtration chromatography, ultrafiltration, electrophoresis, and 

20 irnmunoaffinity purification with antibodies specific f or p articular epitopes of the 
polypeptide. In a preferred embodiment, the POSH or POSH-AK polypeptide is a 
fusion protein containing a domain which facilitates its purification, such as a 
POSH-GST fusion protein, POSH-intein fusion protein, POSH-cellulose binding 
domain fusion protein, POSH-polyhistidine fusion protein etc. 

25 A recombinant POSH or POSH-AK nucleic acid can be produced by ligating 

the cloned gene, or a portion thereof, into a vector suitable for expression in either 
prokaryotic cells, eukaryotic cells, or both. Expression vehicles for production of a 
recombinant POSH or POSH-AK polypeptides include plasmids and other vectors. 
For instance, suitable vectors for the expression of a POSH polypeptide include 

30 plasmids of the types: pBR322-derived plasmids, pEMBL-derived plasmids, pEX- 
derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for 
expression in prokaryotic cells, such as E. coli. 
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The preferred mammalian expression vectors contain both prokaryotic 
sequences to facilitate the propagation of the vector in bacteria, and one or more 
eukaryotic transcription units that are expressed in eukaryotic cells. The 
pcDNAI/amp, pcDNAI/neo, pRc/CMV, pSV2gpt> pSV2neo, pSV2-dhfr, P Tk2, 
5 pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors are examples of 
mammalian expression vectors suitable for transfection of eukaryotic cells. Some of 
these vectors are modified with sequences from bacterial plasmids, such as pBR322, 
to facilitate replication and drug resistance selection in both prokaryotic and 
eukaryotic cells. Alternatively, derivatives of viruses such as the bovine papilloma 

10 virus (BPV-1), or Epstein-Barr virus (pHEBo, pREP-derived and p205) can be used 
for transient expression of proteins in eukaryotic cells. Examples of other viral 
(including retroviral) expression systems can be found below in the description of 
gene therapy delivery systems. The various methods employed in the preparation of 
the plasmids and transformation of host organisms are well known in the art. For 

1 5 other suitable expression systems for both prokaryotic and eukaryotic cells, as well 
as general recombinant procedures, see Molecular Cloning A Laboratory Manual, 
2nd E d., e d_ b y S ambrook, F ritsch a nd M aniatis ( Cold S pring H arbor Laboratory 
Press, 1989) Chapters 16 and 17. In some instances, it may be desirable to express 
the recombinant POSH or POSH-AK polypeptide by the use of a baculovirus 

20 expression system. Examples of such baculovirus expression systems include pVL- 
derived vectors (such as pVL1392, pVL1393 and pVL941), pAcUW-derived vectors 
(such as pAcUWl), and pBlueBac-derived vectors (such as the 6-gal containing 
pBlueBac m). 

Alternatively, the coding sequences for the polypeptide can be incorporated 
25 as a part of a fusion gene including a nucleotide sequence encoding a different 
polypeptide. This type of expression system can be useful under conditions where it 
is desirable, e.g., to produce an immunogenic fragment of a POSH or POSH-AK 
polypeptide. For example, the VP6 capsid protein of rotavirus can be used as an 
immunologic carrier protein for portions of polypeptide, either in the monomelic 
30 form or in the form of a viral particle. The nucleic acid sequences corresponding to 
the portion of the POSH or POSH-AK polypeptide to which antibodies are to be 
raised can be incorporated into a fusion gene construct which includes coding 
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sequences for a late vaccinia virus structural protein to produce a set of recombinant 
viruses expressing fusion proteins comprising a portion of the protein as part of the 
virion. The Hepatitis B surface antigen can also be utilized in this role as well. 
Similarly, chimeric constructs coding for fusion proteins containing a portion of a 
5 POSH polypeptide and the poliovirus capsid protein can be created to enhance 
immunogenicity (see, for example, EP Publication NO: 0259149; and Evans et al.„ 
(1989) Nature 339:385; Huang et al., (1988) y. Virol 62:3855; and Schlienger et al., 
(1992) J. ViroL 66:2). r 

The Multiple Antigen Peptide system for peptide-based immunization can be 

10 utilized, wherein a desired portion of a POSH or POSH-AK polypeptide is obtained 
directly from organo-chemical synthesis of the peptide onto an oligomeric branching 
lysine core (see, for example, Posnett et al., (1988) JBC 263:1719 and Nardelli et 
al., (1992) J. Immunol. 148:914). Antigenic determinants of a POSH or POSH-AK 
polypeptide can also be expressed and presented by bacterial cells. 

15 In another embodiment, a fusion gene coding for a purification leader 

sequence, such as a poly-(His)/enterokinase cleavage site sequence at the N- 
terminus of the desired portion of the recombinant protein, can allow purification of 
the expressed fusion protein by affinity chromatography using a Ni 2+ metal resin. 
The purification leader sequence can then be subsequently removed by treatment 

20 with enterokinase to provide the purified POSH or POSH-AK polypeptide (e.g., see 
Hochuli et al., (1987) J. Chromatography 41 1:177; and Janknecht et al., PNAS USA 
88:8972). 

Techniques for making fusion genes are well known. Essentially, the joining 
of various DNA fragments coding for different polypeptide sequences is performed 

25 in accordance with conventional techniques, employing blunt-ended or stagger- 
ended termini for ligation, restriction enzyme digestion to provide for appropriate 
termini, filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to 
avoid undesirable joining, and enzymatic ligation. In another embodiment, the 
fusion gene can be synthesized by conventional techniques including automated 

30 DNA synthesizers. Alternatively, PCR amplification of gene fragments can be 
carried out using anchor primers which give rise to complementary overhangs 
between two consecutive gene fragments which can subsequently be annealed to 
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generate a chimeric gene sequence (see, for example, Current Protocols in 
Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992). 



Table 2: Exemplary POSH nucleic acids 



Sequence Name 


Organism 




cDNA FLJ1 1367 fis, clone 
HEMBA1 000303 


Homo sapiens 


AK021429 


Plenty of SH3 domains 
(POSH) mRNA 


Mus musculus 


NM_021506 


Plenty of SH3s (POSH) 
mRNA 


Mus musculus 


AF030131 


Plenty of SH3s (POSH) 
mRNA 


Drosophila melanogaster 


NM_079052 


Plenty of SH3s (POSH) 
rnRNA 


Drosophila melanogaster 


AF220364 


Table 3: Exemplary POSH polypeptides 


Sequence Name 


Organism 


Accession Number 


SH3 domains- 
containing protein POSH 


Mus musculus 


T09071 


plenty of SH3 domains 


Mus musculus 


NP_067481 


Plenty of SH3s; POSH 


Mus musculus 

< 


AAC40070 


Plenty of SH3s 


Drosophila melanogaster 


AAF37265 


LD45365p 


Drosophila melanogaster 


AAK93408 


POSH gene product 


Drosophila melanogaster 


AAF57833 
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Plenty of SH3s 



Drosophila melanogaster 



NP 523776 



In addition the following Tables provide the nucleic acid sequence and 
related SEQ ID NOs for domains of human POSH protein and a summary of 
sequence identification numbers used in this application. 



Table 4. Nucleic Acid Sequences and related SEQ ID NOs for domains in human 
POSH 



Name of the 
sequence 


Sequence 


SEQ ID 
NO. 


RING domain 


TGTCCGGTGTGTCTAGAGCGCCTTGATGCTTCTGCGAAGGTCT 
TGCCTTGCCAGCATACGTTTTGCAAGCGATGTTTGCT 

GGGGATCGTAGGTTCTCGAAATGAACTCAGATGTCCCGAGT 


31 


1 st SH 3 
domain 


CCATGTGCC AAAGCGTT ATACAACTATGAAGGAAAAGAGC C TG 
GAGACC TT AAAT TC AG CAAAGGCGACATCATCATTTT 

GCGAAGACAAGTGGATGAAAATTGGTACCATGGGGAAGTCAAT 
GGAATCCATGGCTTTTTCCCCACCAACTTTGTGCAGA 

TTATT 


32 


2 nd SH 3 
domain 


CCTC AGTG CAAAG CACTTTATGAC TTTGAAGTGAAAG ACAAGG 
AAGCAGACAAAGATTGCCTTCCATTTGCAAAGGATGA 

TGTT CTGAC TGT GATC CGAAGAGTGGATGAAAACTGGGCTGAA 
GGAATGCTGGCAGACAAAATAGGAATATTTCCAATTT 

CATATGTTGAGTTTAAC 


33 


3 rd SH 3 
domain 


AGTGTGTATGTTGCTATATATCCATACACTCCTCGGAAAGAGG 
ATG AA C TAG AG C TG AGAAAAGGGGAGATGTTTTTAGT 

GTTTGAGCGCTGCCAGGATGGCTGGTTCAAAGGGACATCCATG 
CATAC C AG C AAG AT AGGGGTTTT CC CTGG CAATTATG 

TGGCACCAGTC 


34 
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4 th SH 3 


G AAAGG C AC AGGG TGGTGGTTTCCTATCC TCC TC AGAGTGAGG 


35 


domain 


CAGAACTTGAACTTAAAGAAGGAGATATTGTGTTTGT 






TCATAAAAAACGAGAGGATGGCTGGTTCAAAGGCACATTACAA 






CGTAATGGGAAAACTGGCCTTTTCCCAGGAAGCTTTG 






TGGAAAACA 





Table 5. Summary of Sequence Identification Numbers 



Sequence Information 


Sequence Identification Number 
<SEQ ID NO) 


Human POSH Coding Sequence 


SEQ ID NO: 1 


Human POSH Amino Acid Sequence 


SEQ ID No: 2 


Human POSH cDNA Sequence 


SEQ ID No: 3 


5' cDNA Fragment of Human POSH 


SEQ ID No: 4 


N- terminus Protein Fragment of 
Human POSH 


SEQ ID No: 5 


3' mRNA Fragment of Human POSH 


SEQ ID No: 6 


C- terminus Protein Fragment of 
Human POSH 


SEQ ID NO: 7 


Mouse POSH mRNA Sequence 


SEQ ID No: 8 


Mouse POSH Protein Sequence 


SEQ ID No: 9 


Drosophila melanogaster POSH 
mRNA Sequence 


SEQ ID No: 10 


Drosophila melanogaster POSH 
Protein Sequence 


SEQ ID NO: 11 


Human POSH RING Domain Amino 
Acid Sequence 


SEQ ID NO: 26 


Human POSH 1 st SH 3 Domain Amino 
Acid Sequence 


SEQ ID NO: 27 


Human POSH 2 nd SH 3 Domain Amino 
Acid Sequence 


SEQ ID No: 2 8 


Human POSH 3 rd SH 3 Domain Amino 
Acid Sequence 


SEQ ID No: 2 9 


Human POSH 4 tn SH 3 Domain Amino 
Acid Sequence 


SEQ ID No: 30 


Human POSH RING Domain Nucleic 
Acid Sequence J 


SEQ ID NO: 31 



9351896 2 



-76- 



Human POSH 1 st SH 3 Domain Nucleic 
Ac id Sequence 


SEQ ID No: 32 


Human POSH 2 nd SH 3 Domain Nucleic 
Acid Sequence 


SEQ ID Nor 33 


Human POSH 3 rd SH 3 Domain Nucleic 
Acid Sequence 


SEQ ID No: 34 


Human POSH 4 th SH 3 Domain Nucleic 
Acid Sequence 


SEQ ID No: 35 



7. Exemplary Polypeptides 

The present application relates to the POSH polypeptides, which are isolated 
from, or otherwise substantially free of, other intracellular proteins which might 
5 normally be associated with the protein or a particular complex including the 
protein. In certain embodiments, POSH polypeptides have an amino acid sequence 
that is at least 60% identical to an amino acid sequence as set forth in any of SEQ ID 
Nos: 2, 5, 7, 9, 1 1, 26, 27, 28, 29 and 30. In other embodiments, the polypeptide has 
an amino acid sequence at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 

1 0 99% or 1 00% identical to an amino acid sequence as set forth in any of SEQ ID Nos: 
2, 5, 7, 9, 1 1, 26, 27, 28, 29 and 30. 

In certain aspects, the application also relates to POSH-AK polypeptides 
(e.g., a PKA subunit or a JNK pathway kinase). Amino acid sequences of the PKA 
subunits including PRKAR1 A, PRKACA, and PRKACB, are provided in Example 

15 12. Amino acid sequences of the JNK pathway kinases including JNK1, JNK2, 
MLK1, MLK2, MLK3, MKK4, and MKK7, are provided in Table 7. In certain 
embodiments, In certain embodiments, POSH-AK polypeptides have an amino acid 
sequence that is at least 60% identical to these amino acid sequence as set forth in 
Example 12 and Table 7. In other embodiments, the POSH-AK polypeptide has an 

20 amino acid sequence at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 
99% or 100% identical to an amino acid sequence as set forth in Example 12 and 
Table 7. 

Optionally, a POSH or POSH-AK polypeptide of the application will 
function in place of an endogenous POSH or POSH-AK polypeptide, for example 
25 by mitigating a partial or complete loss of function phenotype in a cell. For 
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example, a POSH polypeptide of the application may be produced in a cell in which 
endogenous POSH has been reduced by RNAi, and the introduced POSH 
polypeptide will mitigate a phenotype resulting from the RNAi. An exemplary 
POSH loss of function phenotype is a decrease in virus-like particle production in a 
5 cell transfccted with a viral vector, optionally an HIV vector. In certain 
embodiments, a POSH polypeptide, when produced at an effective level in a cell, 
induces apoptosis. 

In another aspect, the application provides polypeptides that are agonists or 
antagonists of a POSH or POSH-AK polypeptide. Variants and fragments of a 

10 POSH or POSH-AK polypeptide may have a hyperactive or constitutive activity, or, 
alternatively, act to prevent POSH or POSH-AK polypeptides from performing one 
or more functions. For example, a truncated form lacking one or more domain may 
have a dominant negative effect. 

Another aspect of the application relates to polypeptides derived from a full- 

15 length POSH or POSH-AK polypeptide. Isolated peptidyl portions of the subject 
proteins c an b e obtained by screening p olypeptides recombinantly produced from 
the corresponding fragment of the nucleic acid encoding such polypeptides. In 
addition, fragments can be chemically synthesized using techniques known in the art 
such as conventional Merrifield solid phase f-Moc or t-Boc chemistry. For example, 

20 any one of the subject proteins can be arbitrarily divided into fragments of desired 
length with no overlap of the fragments, or preferably divided into overlapping 
fragments of a desired length. The fragments can be produced (recombinantly or by 
chemical synthesis) and tested to identify those peptidyl fragments which can 
function as either agonists or antagonists of the formation of a specific protein 

25 complex, or more generally of a POSH:POSH-AK complex, such as by 
microinjection assays. 

It is also possible to modify the structure of the POSH or POSH-AK 
polypeptides for such purposes as enhancing therapeutic or prophylactic efficacy, or 
stability (e.g., ex vivo shelf life and resistance to proteolytic degradation in vivo). 

30 Such modified polypeptides, when designed to retain at least one activity of the 
naturally-occurring form of the protein, are considered functional equivalents of the 
POSH or POSH-AK polypeptides described in more detail herein. Such modified 
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polypeptides can be produced, for instance, by amino acid substitution, deletion, or 
addition. 

For instance, it is reasonable to expect, for example, that an isolated 
replacement of a leucine with an isoleucine or valine, an aspartate with a glutamate, 
5 a threonine with a serine, or a similar replacement of an amino acid with a 
structurally related amino acid (i.e,. conservative mutations) will not have a major 
effect on the biological activity of the resulting molecule. Conservative replacements 
are those that take place within a family of amino acids that are related in their side 
chains. Genetically encoded amino acids are can be divided into four families (see, 

10 for example, Biochemistry, 2nd ed., Ed. by L. Stryer, W.H. Freeman and Co., 1981 ). 
Whether a change in the amino acid sequence of a polypeptide results in a functional 
homolog can be readily determined by assessing the ability of the variant 
polypeptide to produce a response in cells in a fashion similar to the wild-type 
protein. For instance, such variant forms of a POSH polypeptide can be assessed, 

15 e.g., for their ability to bind to another polypeptide, e.g., another POSH polypeptide 
or another protein involved in viral maturation. Polypeptides in which more than 
one replacement has taken place can readily be tested in the same manner. 

This application further contemplates a method of generating sets of 
combinatorial mutants of the POSH or POSH-AK polypeptides, as well as 

20 truncation mutants, and is especially useful for identifying potential variant 
sequences (e.g., homologs) that are functional in binding to a POSH or POSH-AK 
polypeptide. The purpose of screening such combinatorial libraries is to generate, 
for example, POSH homologs which can act as either agonists or antagonist, or 
alternatively, which possess novel activities all together. Combinatorially-derived 

25 homologs can be generated which have a selective potency r elative to a naturally 
occurring P OSH o r P OSH-AK p olypeptide. S uch p roteins, w hen e xpressed from 
recombinant DN A constructs, can be used in gene therapy protocols. 

Likewise, mutagenesis can give rise to homologs which have intracellular 
half-lives dramatically different than the corresponding wild-type protein. For 

30 example, the altered protein can be rendered either more stable or less stable to 
proteolytic degradation or other cellular process which result in destruction of, or 
otherwise inactivation of the POSH or POSH-AK polypeptide of interest. Such 
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homologs, and the genes which encode them, can be utilized to alter POSH or 
POSH-AK levels by modulating the half-life of the protein. For instance, a short 
half-life can give rise to more transient biological effects and, when part of an 
inducible expression system, can allow tighter control of recombinant POSH or 
5 POSH-AK levels within the cell. As above, such proteins, and particularly their 
recombinant nucleic acid constructs, can be used in gene therapy protocols. 

In similar fashion, POSH or POSH-AK homologs can be generated by the 
present combinatorial approach to act as antagonists, in that they are able to interfere 
with the ability of the corresponding wild-type protein to function. 

10 In a representative embodiment of this method, the amino acid sequences for 

a population of POSH or POSH-AK homologs are aligned, preferably to promote 
the highest homology possible. Such a population of variants can include, for 
example, homologs from one or more species, or homologs from the same species 
but which differ due to mutation. Amino acids which appear at each position of the 

15 aligned sequences are selected to create a degenerate set of combinatorial sequences. 
In a preferred embodiment, the combinatorial library is produced by way of a 
degenerate library of genes encoding a library of polypeptides which each include at 
least a portion of potential POSH or POSH-AK sequences. For instance, a mixture 
of synthetic oligonucleotides can be enzymatically ligated into gene sequences such 

20 that t he d egenerate s et o f p otential P OSH o r P OSH-AK n ucleotide s equences a re 
expressible as individual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display). 

There are many ways by which the library of potential homologs can be 
generated from a degenerate oligonucleotide sequence. Chemical synthesis of a 

25 degenerate gene sequence can be carried out in an automatic DNA synthesizer, and 
the synthetic genes then be ligated into an appropriate gene for expression. The 
purpose of a degenerate set of genes is to provide, in one mixture, all of the 
sequences encoding the desired set of potential POSH or POSH-AK sequences. The 
synthesis of degenerate oligonucleotides is well known in the art (see for example, 

30 Narang, SA (1983) Tetrahedron 39:3; Itakura et aL, (1981) Recombinant DNA, 
Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, Amsterdam: 
Elsevier pp273-289; Itakura et al., (1984) Annu. Rev. Biochem. 53:323; Itakura et 
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al., (1984) Science 198:1056; Ike et al., (1983) Nucleic Acid Res. 11:477). Such 
techniques have been employed in the directed evolution of other proteins (see, for 
example, Scott et al., (1990) Science 249:386-390; Roberts et al., (1992) PNAS 
USA 89:2429-2433; Devlin et al., (1990) Science 249: 404-406; Cwirla et al., 
5 (1990) PNAS USA 87: 6378-6382; as well as U.S. Patent Nos: 5,223,409, 
5,198,346, and 5,096,815). 

Alternatively, other forms of mutagenesis can be utilized to generate a 
combinatorial library. For example, POSH or POSH-AK homologs (both agonist 
and antagonist forms) can be generated and isolated from a library by screening 

1 0 using, for example, a lanine s canning m utagenesis a nd t he 1 ike ( Ruf et a 1., ( 1 994) 
Biochemistry 33:1565-1572; Wang et al., (1994) J. Biol. Chem. 269:3095-3099; 
Balint et al., ( 1993) Gene 1 37:109-118; Grodberg e t al., ( 1993) Eur. J. Biochem. 
218:597-601; Nagashima et al., (1993) J. Biol. Chem. 268:2888-2892; Lowman et 
al., (1991) Biochemistry 30:10832-10838; and Cunningham et al., (1989) Science 

15 244:1081-1085), by linker scanning mutagenesis (Gustin et al., (1993) Virology 
193:653-660; Brown et al., (1992) Mol. Cell Biol. 12:2644-2652; McKnight et al., 
(1982) Science 232:316); by saturation mutagenesis (Meyers et al., (1986) Science 
232:613); by PCR mutagenesis (Leung et al., (1989) Method Cell Mol Biol 1:11- 
19); or by random mutagenesis, including chemical mutagenesis, etc. (Miller et al., 

20 (1 992) A Short Course in Bacterial Genetics, CSHL Press, Cold Spring Harbor, NY; 
and Greener et al., (1994) Strategies in Mol Biol 7:32-34). Linker scanning 
mutagenesis, particularly in a combinatorial setting, is an attractive method for 
identifying truncated (bioactive) forms of POSH or POSH-AK polypeptides. 

A wide range of techniques are known in the art for screening gene products 

25 of combinatorial libraries made by point mutations and truncations, and, for that 
matter, for screening cDNA libraries for gene products having a c ertain p roperty. 
Such techniques will be generally adaptable for rapid screening of the gene libraries 
generated by the combinatorial mutagenesis of POSH or POSH-AK homologs. The 
most widely used techniques for screening large gene libraries typically comprises 

30 cloning the gene library into replicable expression vectors, transforming appropriate 
cells with the resulting library of vectors, and expressing the combinatorial genes 
under conditions in which detection of a desired activity facilitates relatively easy 
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isolation of the vector encoding the gene whose product was detected. Each of the 
illustrative assays described below are amenable to high through-put analysis as 
necessary to screen large numbers of degenerate sequences created by combinatorial 
mutagenesis techniques. 
5 In an illustrative embodiment of a screening assay, candidate combinatorial 

gene products of one of the subject proteins are displayed on the surface of a cell or 
virus, and the ability of particular cells or viral particles to bind a POSH or POSH- 
AK polypeptide is detected in a "panning assay". For instance, a library of POSH 
variants can be cloned into the gene for a surface membrane protein of a bacterial 

10 cell (Ladner et aL„ WO 88/06630; Fuchs et aL, (1991) Bio/Technology 9:1370- 
1371; and Goward et aL, (1992) TIBS 18:136-140), and the resulting fusion protein 
detected by panning, e.g., using a fluorescently labeled molecule which binds the 
POSH polypeptide, to score for potentially functional homologs. Cells can be 
visually inspected and separated under a fluorescence microscope, or, where the 

15 morphology of the cell permits, separated by a fluorescence- activated cell sorter. 

In similar fashion, the gene library can be expressed as a fusion protein on 
the surface of a viral particle. For instance, in the filamentous phage system, foreign 
peptide sequences can be expressed on the surface of infectious phage, thereby 
conferring two significant benefits. First, since these phage can be applied to 

20 affinity matrices at very high concentrations, a large number of phage can be 
screened at one time. Second, since each infectious phage displays the 
combinatorial gene product on its surface, if a particular phage is recovered from an 
affinity matrix in low yield, the phage can be amplified by another round of 
infection. The group of almost identical E. coli filamentous phages Ml 3, fd, and fl 

25 are most often used in phage display libraries, as either of the phage gill or gVTII 
coat proteins can be used to generate fusion proteins without disrupting the ultimate 
packaging of the viral particle (Ladner et aL, PCT publication WO 90/02909; 
Garrard et al., PCT publication WO 92/09690; Marks et al., (1992) J. Biol. Chem. 
267:16007-16010; Griffiths et aL, (1993) EMBO J. 12:725-734; Clackson et aL, 

30 (1991) Nature 352:624-628; and Barbas et aL, (1992) PNAS USA 89:4457-4461). 

The application also provides for reduction of the POSH or POSH-AK 
polypeptides to generate mimetics, e.g., peptide or non-peptide agents, which are 
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able to mimic binding of the authentic protein to another cellular partner. Such 
mutagenic techniques as described above, as well as the thioredoxin system, are also 
particularly useful for mapping the determinants of a POSH or POSH-AK 
polypeptide which participate in protein-protein interactions involved in, for 
5 example, binding of proteins involved in viral maturation to each other. To 
illustrate, the critical residues of a POSH or POSH-AK polypeptide which are 
involved in molecular recognition of a substrate protein can be determined and used 
to generate its derivative peptidomimetics which bind to the substrate protein, and 
by inhibiting POSH or POSH-AK binding, act to inhibit its biological activity. By 

10 employing, for example, scanning mutagenesis to map the amino acid residues of a 
POSH polypeptide which are involved in binding to another polypeptide, 
peptidomimetic compounds can be generated which mimic those residues involved 
in binding. For instance, non-hydrolyzable peptide analogs of such residues can be 
generated using benzodiazepine (e.g., see Freidinger et al., in Peptides: Chemistry 

15 and Biology, G.R. Marshall ed., ESCOM Publisher: Leiden, Netherlands, 1988), 
azepine (e.g., see Huffinan et al., in Peptides: Chemistry and Biology, G.R. Marshall 
ed., ESCOM Publisher: Leiden, Netherlands, 1988), substituted gamma lactam rings 
(Garvey et al., in Peptides: Chemistry and Biology, G.R. Marshall ed., ESCOM 
Publisher: Leiden, Netherlands, 1988), keto-methylene pseudopeptides (Ewenson et 

20 al., (1986) J. Med. Chem. 29:295; and Ewenson et al., in Peptides: Structure and 
Function (Proceedings of the 9th American Peptide Symposium) Pierce C hemical 
Co. Rockland, I L, 1985), b-turn dipeptide cores (Nagai et al., (1985) Tetrahedron 
Lett 26:647; and Sato et al., (1986) J Chem Soc Perkin Trans 1:1231), and b- 
aminoalcohols (Gordon et al., (1985) Biochem Biophys Res Commun 126:419; and 

25 Dann et al., (1986) Biochem Biophys Res Commun 134:71). 

The following table provides the sequences of the RING domain and the 
various SH3 domains of POSH. 

Table 6. Amino Acid Sequences and related SEQ ED NOs for domains in human 
30 POSH 



Name of Sequence 



SEQ ID 



□ 
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the 

sequence 




NO. 


RING 
domain 


CPVCLERLDASAKVLPCQHTFCKRCLLGIVGSRNELRCPEC 


26 


l Bt SH 3 
domain 


PCAKAL YNYEGKE PGDLKFSKGD 1 1 ILRRQVDENWYHGEVNGIHGF 
FPTNFVQI I K 


27 


2 nd SH 3 
domain 


PQCKAIjYDFEVKDKEADKDCLPFAKDDVLTVIRRVDENWAEGiyLLAD 
KIGIFPI SYVEFNS 


28 


3 rd SH 3 
domain 


SVYVAIYPYTPRKEDELELRKGEMFLVFERCQDGWFKGTSMHTSKI 
GVFPGNYVAPVT 


29 


4 th SH 3 
domain 


ERHRWVSYPPQSEAELELKEGDIVFVHKKREDGWFKGTLQRNGKT 
GLFPGSFVENI 


30 



Table 7. Sequences of POSH associated kinases in a Rac-JNK signaling pathway. 



Kinase and variant 


protein sequence 
(public gi No. ) 


mRNA sequence 
(public gi No. ) 


Human ML.K1 — varl 


462606 


12005723 


Human MLrKl - var2 


12005724 


27479475 


Human MLK1 - var3 


14749517 




Human MLK2 - varl 


6686295 


971419 


Human ML.K2 - var2 


758593 


21735549 


Human ML.K2 - var3 


21735550 


758592 


Human MLK3 - varl 


1090771 


15030036 


Human MLK3 - var2 


* 


488295 


Human ML.K3 - var3 




464027 


Human MKK4 - varl 


1170596 


685175 


Human MKK4 - var2 




24497520 


Human MKK4 - var3 


* 


791187 


Human MKK7 - varl 


2558889 


3108200 


Human MKK7 - var2 


3108199 


21735541 


Human MKK7 - var3 


23468315 


2262234 


Human MKK7 - var4 


2318119 


2811125 


Human MKK7 - var5 


2811126 


2318118 


Human MKK7 - var6 


2262235 


23468314 


Human MKK7 - var7 


21735542 


3108198 
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Human MKK7 - var8 


* 


21735543 


Human MKK7 - var9 


* 


2558888 


Human JNK1 - varl 


4506095 


20986493 


Human JNK1 - var2 


1463131 


1463130 


Human JNK1 - var3 


1463137 


1463138 


Human JNK1 - var4 


1463139 


20986522 


Human JNK1 - var5 


* 


1463136 


Human JNK2 - varl 


21237745 


1463128 


Human JNK2 - var2 


1463135 


607785 


Human JNK2 - var3 


21237742 


21237738 


Human JNK2 - var4 


7446390 


598182 


Human CTNK2 - var5 


1463133 


21618469 


Human JNK2 - var6 


21237736 


21237735 


Human JNK2 - var7 


1170598 


1463132 


Human JNK2. - var8 


21237739 


1463134 


Human *JNK2 - var9 


607786 




Human JNK2 - varl 0 


1463129 





♦denotes a polypeptide sequence that can be deduced from the 
corresponding mRNA sequence. 



8. Effective Dose 

5 Toxicity and therapeutic efficacy of such compounds can be determined by 

standard pharmaceutical procedures in cell cultures or experimental animals, e.g., 
for determining The LD50 (the dose lethal to 50% of the population) and the ED50 
(the dose therapeutically effective in 50% of the population). The dose ratio 
between toxic and therapeutic effects is the therapeutic index and it can be expressed 

10 as the ratio LD50/ED50- Compounds which exhibit large therapeutic induces are 
preferred. While compounds that exhibit toxic side effects may be used, care should 
be taken to design a delivery system that targets such compounds to the site of 
affected tissue in order to minimize potential damage to uninfected cells and, 
thereby, reduce side effects. 

1 5 The data obtained from the cell culture assays and animal studies can be used 

in formulating a range of dosage for use in humans. The dosage of such compounds 
lies p referably within a range o f c irculating c oncentrations t hat i nclude the E D50 
with little or no toxicity. The dosage may vary within this range depending upon the 
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dosage form employed and the route of administration utilized. For any compound 
used in the method of the application, the therapeutically effective dose can be 
estimated initially from cell culture assays. A dose may be formulated in animal 
models to achieve a circulating plasma concentration range that includes the IC50 
5 (i.e., the concentration of the test compound which achieves a half-maximal 
inhibition of symptoms) as determined in cell culture. Such information can be used 
to more accurately determine useful doses in humans. Levels in plasma may be 
measured, for example, by high performance liquid chromatography. 

10 9. Formulation and Use 

Pharmaceutical compositions for use in accordance with the present 
application may be formulated in conventional manner using one or more 
physiologically acceptable carriers or excipients. Thus, the compounds and their 
physiologically acceptable salts and solvates may be formulated for administration 

15 by, for example, injection, inhalation or insufflation (either through the mouth or the 
nose) or oral, buccal, parenteral or rectal administration. 

An exemplary composition of the application comprises an RNAi mixed 
with a delivery system, such as a liposome system, and optionally including an 
acceptable excipient. In a preferred embodiment, the composition is formulated for 

20 topical administration for, e.g., herpes virus infections. 

For such therapy, the compounds of the application can be formulated for a 
variety of loads of administration, including systemic and topical or localized 
administration. Techniques and formulations generally may be found in 
Remmington's P harmaceutical S ciences, M eade P ublishing Co., E aston, PA. F or 

25 systemic administration, injection is preferred, including intramuscular, intravenous, 
intraperitoneal, and subcutaneous. For injection, the compounds of the application 
can be formulated in liquid solutions, preferably in physiologically compatible 
buffers such as Hank's solution or Ringer's solution. In addition, the compounds 
may be formulated in solid form and redissolved or suspended immediately prior to 

30 use. Lyophilized forms are also included. 

For oral administration, the pharmaceutical compositions may take the form 
of, for example, tablets or capsules prepared by conventional means with 
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pharmaceutically acceptable excipients such as binding agents (e g , pregelatiniscd 
maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., 
lactose, rnicrocrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., 
magnesium stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch 
5 glycolate); or wetting agents (e.g., sodium lauryl sulphate). The tablets may be 
coated by methods well known in the art. Liquid preparations for oral 
administration may take the form of, for example, solutions, syrups or suspensions, 
or they may be presented as a dry product for constitution with water or other 
suitable vehicle before use. Such liquid preparations may be prepared by 

10 conventional means with pharmaceutically acceptable additives such as suspending 
agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats); 
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., ationd oil, 
oily esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., 
methyl or p ropyl-p-hydroxybenzoates o r sorbic acid). T he p reparations m ay also 

15 contain buffer salts, flavoring, coloring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. For buccal administration the 
compositions may take the form of tablets or lozenges formulated in conventional 
manner. For administration by inhalation, the compounds for use according to the 

20 present application are conveniently delivered in the form of an aerosol spray 
presentation from pressurized packs or a nebuliser, with the use of a suitable 
propellant, e.g., dichlorodifluorom ethane, trichloro fluoromethane, 

dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a 
pressurized aerosol the dosage unit may be determined by providing a valve to 

25 deliver a metered amount. Capsules and cartridges of e.g., gelatin for use in an 
inhaler or insufflator may be formulated containing a powder mix of the compound 
and a suitable powder base such as lactose or starch. 

The compounds may be formulated for parenteral administration by 
injection, e.g., by bolus injection or continuous infusion. Formulations for injection 

30 may be presented in unit dosage form, e.g., in ampoules or in multi-dose containers, 
with an added preservative. The compositions may take such forms as suspensions, 
solutions or emulsions in oily or aqueous vehicles, and may contain formulatory 
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agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the 
active i ngredient m ay b e i n p owder f orm f or c onstitution w ith a s uitable v ehicle, 
e.g., sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal compositions such as 
5 suppositories o r r etention e nemas, e .g., c ontaining c onventional s uppository b ases 
such as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may 
also be formulated as a depot preparation. Such long acting formulations may be 
administered by implantation (for example subcutaneously or intramuscularly) or by 

10 intramuscular injection. Thus, for example, the compounds may be formulated with 
suitable polymeric or hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for 
example, as a sparingly soluble salt. 

Systemic administration can also be by transmucosal or transdermal means. 

15 For transmucosal or transdermal administration, penetrants appropriate to the barrier 
to be permeated are used in the formulation. Such penetrants are generally known in 
the art, and include, for example, for transmucosal administration bile salts and 
fusidic acid derivatives, in addition, detergents may be used to facilitate permeation. 
Transmucosal administration may be through nasal sprays or using suppositories. 

20 For topical administration, the oligomers of the application are formulated into 
ointments, salves, gels, or creams as generally known in the art. A wash solution 
can be used locally to treat an injury or inflammation to accelerate healing. 

The compositions may, if desired, be presented in a pack or dispenser device 
which may contain one or more unit dosage forms containing the active ingredient. 

25 The pack may for example comprise metal or plastic foil, such as a blister pack. The 
pack or dispenser device may be accompanied by instructions for administration. 

For therapies involving the administration of nucleic acids, the oligomers of 
the application can be formulated for a variety of modes of administration, including 
systemic and topical or localized administration. Techniques and formulations 

30 generally may be found in Remmington's Pharmaceutical Sciences, Meade 
Publishing Co., Easton, PA. For systemic administration, injection is preferred, 
including intramuscular, intravenous, intraperitoneal, intranodal, and subcutaneous 
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for injection, the oligomers of the application can be formulated in liquid solutions, 
preferably in physiologically compatible buffers such as Hank's solution or Ringer's 
solution. In addition, the oligomers may be formulated in solid form and 
redissolved or suspended immediately prior to use. Lyophilized forms are also 
5 included. 

Systemic administration can also be by transmucosal or transdermal means, 
or the compounds can be administered orally. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to be permeated are used in the 
formulation. Such penetrants are generally known in the art, and include, for 

10 example, for transmucosal administration bile salts and fusidic acid derivatives. In 
addition, detergents may be used to facilitate permeation. Transmucosal 
administration may be through nasal sprays or using suppositories. For oral 
administration, the oligomers are f ormulated into conventional oral administration 
forms such as capsules, tablets, and tonics. For topical administration, the oligomers 

15 of the application are formulated into ointments, salves, gels, or creams as generally 
known in the art. 

The application now being generally described, it will be more readily 
understood by reference to the following examples, which are included merely for 
20 purposes of illustration of certain aspects and embodiments of the present 
application, and are not intended to limit the application. 

EXAMPLES 

Example 1. Role of POSH in virus-like particle (VLP^ budding 

25 1. Objective: 

Use RNAi to inhibit POSH gene expression and compare the efficiency of 
viral budding and GAG expression and processing in treated and untreated cells. 
2. Study Plan: 

HeLa SS-6 cells are transfected with mRNA-specific RNAi in order to 
30 knockdown the target proteins. Since maximal reduction of target protein by RNAi 
is achieved after 48 hours, cells are transfected twice - first to reduce target mRNAs, 
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and subsequently to express the viral Gag protein. The second transfection is 
performed with pNLenv (plasmid that encodes HIV) and with low amounts of RNAi 
to maintain the knockdown of target protein during the time of gag expression and 
budding of VLPs. Reduction in mRNA levels due to RNAi effect is verified by RT- 
5 PCR amplification of target mRNA. 
3. Methods, Materials, Solutions 

a. Methods 

i. Transfections according to manufacturer's protocol and as described in 
procedure. 

10 ii. Protein determined by Bradford assay. 

iii. SDS-PAGE in Hoeffer miniVE electrophoresis system. Transfer in Bio- 
Rad mini-protean II wet transfer system. Blots visualized using Typhoon system, 
and ImageQuant software (ABbiotech) 

b. Materials 



Material 


Manufacturer 


Catalog # 


Batch # 


Lipofectamine 2000 
(LF2000) 


Life Technologies 


11668-019 


1112496 


OptiMEM 


Life Technologies 


31985-047 


3063119 


RNAi Lam in A/C 


Self 


13 




RNAi TSG101 688 


Self 


65 




RNAi Posh 524 


Self 


81 




plenvll PTAP 


Self 


148 




plenvll ATAP 


Self 


149 




Anti-p24 polyclonal 
antibody 


Seramun 




A-0236/S- 
10-01 


Anti-Rabbit Cy5 
conjugated antibody 


Jackson 


144-175-115 


48715 


1 0% acrylamide Tris- 
Glycine SDS-PAGE gel 


Life Technologies 


NP0321 


1081371 


Nitrocellulose 
membrane 


Schleicher & 
Schuell 


401353 


BA-83 
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NuPAGE 20X transfer 
buffer 


Life Technologies 


NP0006-1 


224365 


0.45 um filter 


Schleicher & 
Schuell 


10462100 


CS1018-1 



c. Solutions 



Lysis Buffer 


Compound 


Concentration 


lns-HCl pH 7.6 


50mM 


iVIgl^l2 


1 >mlvl 


NaCl 


150mM 


Glycerol 


10% 


EDTA 


ImM 


EGTA 


ImM 




ASB-14 (add immediately 
before use) 


1% 


6X Sample 
Buffer 


Tris-HCl, pH=6.8 


1M 


Glycerol 


30% 


SDS 


10% 


DTT 


9.3% 


Bromophenol Blue 


0.012% 


TBS-T 


Tris pH=7.6 


20mM 


NaCl 


137mM 


Tween-20 


0.1% 



4. Procedure 
5 a. Schedule 



Day 


1 


2 


3 


4 


5 
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Plate 


Transfection 


Passage 


Transfection II 


Extract RNA 


cells 


I 


cells 


(RNAi and 


for RT-PCR 




(RNAi only) 


(1:3) 


pNlenv) 


(post 








(12:00, PM) 


transfection) 








Extract RNA for 


Harvest VLPs 








RT-PCR 


and cells 








(pre- transfection) 





b. Day 1 

Plate HeLa SS-6 cells in 6-well plates (35mm wells) at concentration of 5 XI 0 5 
cells/well. 

c. Day 2 

2 hours before transfection replace growth medium with 2 ml growth medium 
without antibiotics. 

Transfection I: 



RNAi [nM] 



RNAi A B 

[20mM] OPtiMEM LF2000 mix 



Reaction 


RNAi name 


TAGDA# 


Reactions 




Ml 


(MO (Ml) 


1 


Lam in A/C 


13 


2 


50 


12.5 


500 500 


2 


Lam in A/C 


13 


1 


50 


6.25 


250 250 


3 


TSG101 688 


65 


2 


20 


5 


500 500 


5 


Posh 524 


81 


2 


50 


12.5 


500 500 



10 Transfections: 

Prepare LF2000 mix: 250 \xl OptiMEM + 5 jil LF2000 for each reaction. Mix by 
inversion, 5 times. Incubate 5 minutes at room temperature. 
Prepare RNA dilution in OptiMEM (Table 1, column A). Add LF2000 mix 
dropwise to diluted RNA (Table 1, column B). Mix by gentle vortex. Incubate at 

15 room temperature 25 minutes, covered with aluminum foil. 

Add 500 M-l transfection mixture to cells dropwise and mix by rocking side to 
side. 

Incubate overnight. 
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d. Day 3 

Split 1 :3 after 24 hours. (Plate 4 wells for each reaction, except reaction 2 which 
is plated into 3 wells.) 

e. Day 4 

5 2 hours pre-transfection replace medium with DMEM growth medium without 

antibiotics. 

Transfection II 



RNAi 

Plasmid [20pM] for 
RNAi TAG Reaction for 2.4 p9 10nM OPtiMEM LF2000 mix 

name DA# Plasmid # (pi) (pi) (pi) (p|) 



Lamin 3.4 

A/C 13 PTAP 3 3.75 750 750 
Lamin 2.5 

A/C 13 ATAP 3 3.75 750 750 
TSG101 3.4 

688 65 PTAP 3 3.75 750 750 

Posh 524 81 PTAP 3 3.4 3.75 750 750 



Prepare LF2000 mix: 250 ^1 OptiMEM + 5 nl LF2000 for each reaction. Mix by 
10 inversion, 5 times. Incubate 5 minutes at room temperature. 

Prepare RNA+DNA diluted in OptiMEM (Transfection II, A+B+C) 
Add LF2000 mix (Transfection II 7 D) to diluted RNA+DNA dropwise, mix by 
gentle vortex, and incubate lh while protected from light with aluminum foil. 
Add LF2000 and DNA+RNA to cells, 500^1/well, mix by gentle rocking and 
1 5 incubate overnight, 

f. Day 5 

Collect samples for VLP assay (approximately 24 hours post-transfection) by the 
following procedure (cells from one well from each sample is taken for RNA 
assay, by RT-PCR). 
20 g. Cell Extracts 
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IP c 



i. Pellet floating cells by centrifugation (5min, 3000 rpm at 4 °C), save 
supernatant (continue with supernatant immediately to step h), scrape 
remaining cells in the medium which remains in the well, add to the 
corresponding floating cell pellet and centrifuge for 5 minutes, 1800rpm at 

5 4°C. 

ii. Wash cell pellet twice with ice-cold PBS. 

iii. Resuspend cell pellet in 100 ul lysis buffer and incubate 20 minutes on 

ice. 

iv. Centrifuge at 14,000 rpm for 15 min. Transfer supernatant to a clean 
10 tube. This is the cell extract. 

v. Prepare 10 ul of cell extract samples for SDS-PAGE by adding SDS- 
PAGE sample buffer to IX, and boiling for 10 minutes. Remove an aliquot 
of the remaining sample for protein determination to verify total initial 
starting material. Save remaining cell extract at -80 °C. 

15 h. Purification of VLPs from cell media 

i. Filter the supernatant from step g through a 0.45m filter. 

ii. Centrifuge supernatant at 14,000 rpm at 4 °C for at least 2 h. 

iii. Aspirate supernatant carefully. 

iv. Re-suspend VLP pellet in hot (100 °C warmed for 10 min at least) IX 
20 sample buffer. 

v. Boil samples for 10 minutes, 100 °C. 
i. Western Blot analysis 

i. Run all samples from stages A and B on Tris-Glycine SDS-PAGE 10% 
(120V for 1.5 h). 

25 ii. Transfer samples to nitrocellulose membrane (65V for 1 .5 h). 

iii. Stain membrane with ponceau S solution. 

iv. Block with 10% low fat milk in TBS-T for 1 h. 

v. Incubate with anti p24 rabbit 1 :500 in TBS-T o/n. 

vi. Wash 3 times with TBS-T for 7 min each wash. 

30 vii. Incubate with secondary antibody anti rabbit cy5 1 :500 for 30 min. 

viii. Wash five times for 10 min in TBS-T. 
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ix. View in Typhoon gel imaging system (Molecular Dynamics/ APBiotech) 
for fluorescence signal. 
Results are shown in Figures 11-13. 



Example 2. Exemplary POSH RT-PCR primers and siRNA duplexes 
RT-PCR primers 





Name 


Position 


Sequence 


Sense primer 


POSH=271 


271 


5 1 CTTGCCTTGCCAGCATAC 3' (SEQ ID NO: 12) 


Anti -sense 
primer 


POSH=926c 


926C 


5' CTGCCAGCATTCCTTCAG 3* (SEQ ID NO: 13) 



siRNA duplexes: 

siRNA No: 
10 siRNA Name: 

Position in mRNA 
Target sequence: 
siRNA sense strand: 
siRNA anti-sense strand: 

15 

siRNA No: 
siRNA Name: 
Position in mRNA 
Target sequence: 
20 siRNA sense strand: 

siRNA anti-sense strand: 



153 

POSH-230 
426-446 

5' AACAGAGGCCTTGGAAACCTG 3' 

5' dTdTC AGAGGCCU UGGAAACCUG 3* 

S'dTdTCAGGUUUCCAAGGCCUCUG 3' 

155 

POSH-442 
638-658 

5' AAAGAG C CTGG AGAC CTTAAA 3' 

5' ddTdTAGAGCCUGGAGACCUU AA A 3 * 

5* ddTdTUUUAAGGUCUCCAGGCUCU 3' 



SEQ ID NO: 1< 
SEQ ID NO: 15 
SEQ ID NO: 1€ 



SEQ ID NO: 1^ 
SEQ ID NO: 1£ 
SEQ ID NO: 1? 



siRNA No: 
siRNA Name: 
25 Position in mRNA 
Target sequence: 
siRNA sense strand: 
siRNA anti-sense strand: 
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157 

POSH-U111 
2973-2993 

5 ' AAGGATTGGTATGTGACTCTG 3 ' 

5' dTdTGGAUUGGUAUGUGACUCUG 3' 

5' dTdTCAGAGUCACAUACCAAUCC 3' 
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SEQ ID NO: 2C 
SEQ ID NO: 21 
SEQ ID NO: 22 




siRNA No: 
siRNA Name: 
Position in mRNA 
Target sequence: 
siRNA sense strand: 
siRNA anti-sense strand: 



159 

POSH-U410 
3272-3292 

5 ' AAGCTGGATTATCTCCTGTTG 3 ' 
5' ddTdTGCUGGAUUAUCUCCUGUUG 3' 
5* ddTdTCAACAGGAG AUAAUCCAGC 3' 



SEQ ID NO: 22 
SEQ ID NO: 2< 
SEQ ID NO: 21 



Example 3. In-vitro assay of Human POSH self-ubiquitination 
10 Recombinant hPOSH was incubated with ATP in the presence of El , E2 and 

ubiquitin as indicated in each lane. Following incubation at 37 °C for 30 minutes, 
reactions w ere t erminated b y a ddition o f S DS-PAGE s ample b uffer. T he s amples 
were subsequently resolved on a 10% polyacrylamide gel. The separated samples 
were then transferred to nitrocellulose and subjected to immunoblot analysis with an 
15 anti ubiquitin polyclonal antibody. The position of migration of molecular weight 
markers is indicated on the right. 

Poly-Ub: Ub-hPOSHconjugates, detected as high molecular weight adducts only in 
reactions containing El, E2 and ubiquitin. hPOSH-176 and hPOSH-178 are a short 
and a longer derivatives (respectively) of bacterially expressed hPOSH; C, control 
20 E3. 

Preliminary steps in a high-throughput screen 
Materials 

1. El recombinant from bacculovirus 

2. E2 UbchSc from bacteria 
25 3. Ubiquitin 

4. POSH #178 (1-361) GST fusion-purified but degraded 

5. POSH # 176 (1-269) GST fusion-purified but degraded 

6. hsHRDl soluble ring containing region 

5. Bufferxl2 (Tris 7.6 40 rnM, DTT ImM, MgCl 2 5mM, ATP 2uM) 
30 6. Dilution buffer (Tris 7.6 40mM, DTT ImM, ovalbumin lug/ul) 
protocol 



1 


O.lug/ul 


0.5ug/ul 


5ug/ul 


0.4ug/ul 


2.5ug/u/ 


0.8ug/ul 
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El+E2+176+Ub 


1 


0.5 


0.5 








9 


-El (E2+178) 




0.5 


0.5 




1 




10 


-E2 (El+178) 


1 




0.5 




1 




9.5 


-ub (E1+E2+178) 


1 


0.5 






1 




9.5 


El+E2+178+Ub 


1 


0.5 


0.5 




1 


1 


9 


Hrdl, El+E2+Ub 


1 


0.5 


0.5 






1 


8.5 









1 . Incubate for 30 minutes at 37 °C. 

2. Run 12% SDS PAGE gel and transfer to nitrocellulose membrane 

3. Incubate with anti-Ubiquitin antibody. 

5 Results, shown in Figure 1 9, demonstrate that human POSH has 

ubiquitin ligase activity. 

Example 4. Co-immunoprecipitation of hPOSH with mvc-tagged activated (VI 2) 
and dominant-negative (N17) Racl 

1 0 HeLa cells were transfected with combinations of myc-Racl V12 or Nl 7 and 

hPOSHdelRING-V5. 24 hours after transfection (efficiency 80% as measured by 
GFP) cells were collected, washed with PBS, and swollen in hypotonic lysis buffer 
(10 mM HEPES pH=7.9, 15 mM KC1, 0.1 mM EDTA, 2 mM MgC12, 1 mM DTT, 
and protease inhibitors). Cells were lysed by 10 strokes with dounce homogenizer 

15 and centrifuged 3000xg for 10 minutes to give supernatant (Fraction 1) and nucleii. 
Nucleii were washed with Fraction 2 buffer (0.2% NP-40, 10 mM HEPES pH=7.9, 
40 mM KC1, 5% glycerol) to remove peripheral proteins. Nucleii were spun-down 
and supernatant collected (Fraction 2). Nuclear proteins were eluted in Fraction 3 
buffer (20 mM HEPES pH=7.9, 0.42 M KC1, 25% glycerol, 0.1 mM EDTA, 2 mM 

20 MgCh, 1 mM DTT) by rotating 30 minutes in cold. Insoluble proteins were spun- 
down 14000xg and solubilized in Fraction 4 buffer (1% Fos-Choline 14, 50 mM 

HEPES pH=7.9, 150 mM NaCt, 10% glycerol, ImM EDTA, 1.5 mM MgCl 2 , 2 mM 
9351896_2 
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DTT). Half of the total extract was pre-cleared against Protein A sepharose for 1 .5 
hours and used for IP with 1 ng anti-myc (9E10, Roche 1-667-149) and Protein A 
sepharose for 2 hours. Immune complexes were washed extensively, and eluted in 
SDS-PAGE sample buffer. Gels were run, and proteins electro-transferred to 
5 nitrocellulose for immunoblot as in Figure 20. Endogenous POSH and transfected 
hPOSHdelR!NG-V5 are precipitated as a complex with Myc-Racl V12/N17. 
Results, s hown i n F igure 2 0, d emonstrate t hat POSH c o-immunoprecipitates w ith 
Racl. 

10 Example 5. POSH reduction results in decreased secretion of phospholipase D 
fPLD) 

Hela SS6 cells (two wells of 6-well plate) were transfected with POSH 
siRNA or control siRNA (100 nM). 24 hours later each well was split into 5 wells of 

1 5 a 24- well plate. The next day cells were transfected again with 100 nM of either 
POSH siRNA or control siRNA. The next day cells were washed three times with 
IxPBS and than 0.5 ml of PLD incubation buffer (118 mM NaCl, 6 mM KC1, 1 mM 
CaCl 2 , 1.2 mM MgS04, 12.4 mM HEPES, pH7.5 and 1% fatty acid free bovine 
serum albumin) were added. 

20 48 hours later medium was collected and centrifuged at 800xg for 15 

minutes. The medium was diluted with 5xPLD reaction buffer (Amplex red PLD kit) 
and assayed for PLD by using the Amplex Red PLD kit (Molecular probes, A- 
12219). The assay results were quantified and presented below in as a bar graph. 
The cells were collected and lysed in 1% Triton X-100 lysis buffer (20 mM HEPES- 

25 NaOH, pH 7.4, 150 mM NaCl, 1.5 mM MgCl 2> 1 mM EDTA, 1% Triton X-100 and 
Ix protease inhibitors) for 15 minutes on ice. Lysates were cleared by centrifugation 
and protein concentration was determined. There were equal protein concentrations 
between the two transfectants. Equal amount of extracts were immunoprecipitated 
with anti-POSH antibodies, separated by SDS-PAGE and immunoblotted with anti- 

30 POSH antibodies to assess the reduction of POSH levels. There was approximately 
40% reduction in POSH levels (Figure 21). 

Example 6. Effect of hPOSH on Gag-EGFP intracellular distribution 
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HeLa SS6 were transfected with Gag-EGFP, 24 hours after an initial 
transfection with either hPOSH-specific or scrambled siRNA (control) (lOOnM) or 
with plasmids encoding either wild type hPOSH or hPOSH C(12,55)A. Fixation 
and staining was preformed 5 hours after Gag-EGFP transfection. Cells were fixed, 
5 stained with Alexa fluor 647-conjugated Concanavalin A (ConA) (Molecular 
Probes), permeabilized and then stained with sheep anti-human TGN46. After the 
primary a ntibody incubation cells were incubated with Rhodamin-conjugated goat 
anti-sheep. Laser scanning confocal microscopy was performed on LSM510 
con focal microscope (Zeiss) equipped with Axiovcrt 100M inverted microscope 
1 0 using x40 magnification and 1 .3-numerical-aperture oil-immersion lens for imaging. 
For co-localization experiments, 10 optical horizontal sections with i ntervals of 1 
Hm were taken through each preparation (Z-stack). A single median section of each 
preparation is shown. See Figure 22. 

15 Example 7. POSH-Regulated Intracellular Transport of Mvristovlated Proteins 

The localization of myristoylated proteins, Gag (see Figure 22), HIV-1 Nef, 

Src and Rapsyn, in cells depleted of hPOSH were analyzed by immunofluorescence. 

In control cells, HIV-1 Nef was found in a perinuclear region co-localized with 

hPOSH, indicative of a TGN localization (Figure 23). When hPOSH expression was 
20 reduced by siRNA treatment, Nef expression was weaker relative to control and nef 

lost its TGN, perinuclear localization. Instead it accumulated in punctated 

intracellular loci segregated from the TGN. 

Src is expressed at the plasma membrane and in intracellular vesicles, which 

are found close to the plasma membrane (Figure 24, HI 87 cells). However, when 
25 hPOSH levels were reduced, Src was dispersed in the cytoplasm and loses its plasma 

membrane proximal localization detected in control (HI 87) cells (Figure 24, 

compare H153-1 and HI 87-2 panels). 

Rapsyn, a peripheral membrane protein expressed in skeletal muscle, plays a 

critical role in organizing the structure of the nicotinic postsynaptic membrane 
30 (Sanes and Lichtman, Annu. Rev. Neurosci. 22: 389-442 (1999)). Newly 

synthesized Rapsyn associates with the TGN and than transported to the plasma 

membrane (Marchand et al., J. Neurosci. 22: 8891-01 (2002)). In hPOSH-depleted 
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/- 

cells (H153-1) Rapsyn was dispersed in the cytoplasm, while in control cells it had a 
punctuated pattern and plasma membrane localization, indicating that hPOSH 
influences its intracellular transport (Figure 25). 



5 Materials and Methods Used: 

• Antibodies: 

Src antibody was purchased from Oncogene research products( Darmstadt, 
Germany). Nef antibodies were pusrchased from ABI (Columbia, MA) and 
Fitzgerald Industries Interantional (Concord, MA). Alexa Fluor conjugated 
10 antibodies were pusrchased from Molecular Probes Inc. (Eugene, OR). 

hPOSH antibody: Glutathione S-transferase (GST) fusion plasmids were 
constructed by PCR amplification of hPOSH codons 285-430. The amplified PCR 
products was cloned into pGEX-6P-2 (Amersham Pharmacia Biotech, 
Buckinghamshire, UK). The truncated hPOSH protein was generated in E. coif 

15 BL2 1 . Bacterial cultures were grown in LB media with carbenicillin (100 ^ig/ml) 

and recombinant protein production was induced with 1 mM IPTG for 4 hours at 30 
°C. Cells were lysed by sonication and the recombinant protein was then isolated 
from the cleared bacterial lysate by affinity chromatography on a glutathione- 
sepharose resin (Amersham Pharmacia Biotech, Buckinghamshire, UK). The 

20 hPOSH portion of the fusion protein was then released by incubation with 

PreScission protease (Amersham Pharmacia Biotech, Buckinghamshire, UK) 
according to the manufacturer's instructions and the GST portion was then removed 
by a second glutathione-sepharose affinity chromatography. The purified partial 
hPOSH polypeptide was used to immunize New Zealand white rabbits to generate 

25 antibody 15B (Washington Biotechnology, Baltimore, Maryland). 

• Construction of siRNA retroviral vectors: 

hPOSH scrambled oligonucleotide (5'- CACACACTGCCG TCAACT 
GTTCAAGAGAC AGTTGACGGCAGTGTGTGTTTTTT ^andS'- 
A ATTAAAAAACACA CACTGCCGTCAAGTGTC TCTTGAAC AGTTGA 
30 CGGCAGTGTGTGGGCC -3') were annealed and cloned into the Apal-EcoRl 
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digested pSilencer 1 .0-US (Ambion) to generate pSIL-scrambled. Subsequently, the 
U6-promoter and RNAi sequences were digested with BamHI, the ends filled in and 
the insert cloned into the Olil site in the retroviral vector, pMSVhyg (Clontech), 
generating pMSCVhyg- Unscrambled. hPOSH oligonucleotide encoding RNAi 
5 against hPOSH (5 *-AAC AG AGGCCTTGG AAA CCTGGAAGC TTGCAGGTTT 
CCAAGGCCTCTGTT -3'; and 5 7 - GATCAACAGAG GCCTTGGAAACCTGC 
AAGCTTCCAGGTTTCCAA GGCCTCTGTT -3') were annealed and cloned into 
the BamHI-EcoRI site of pLIT-U6, generating pLIT-U6 hPOSH-230. pLIT-U6 is an 
shRNA vector containing the human U6 promoter (amplified by PCR from human 

10 genomic DNA with the primers, 5 ' -GGCCC ACT AGTC A AGGTCG GGCA 

GGAAGA- 3' and 5'- GCCGAATT CAAAAAGGATC CGGCGATATCCGG 
TGTTTCGTCCTTTCCA -3') cloned into pLITMUS38 (New England Biolabs) 
digested with Spel-EcoRI. Subsequently, the U6 promoter-hPOSH shRNA (pLIT- 
U6 hPOSH-230 digested with SnaBI and Pvul) was cloned into the Olil site of 

15 pMSVhyg (Clontech), generating pMSCVhyg U6-hPOSH-230. 

• Generation of stable clones: 

HEK 293T cells were transfected with retroviral RNAi plasmids 
(pMSCVhyg-U6-Prt3-230 and pMSCVhyg-U6-scrambled and with plasmids 
encoding VSV-G and moloney gag-pol. Two days post transfection, medium 

20 containing retroviruses was collected and filtered and polybrene was added to a final 
concentration of 8u.g/ml. This was used to infect HeLa SS6 cells grown in 60 mm 
dishes. Forty-eight hours post-infection cells were selected for RNAi expression by 
the addition of hygromycin to a final concentration of 300 jag/ml. Clones expressing 
RNAi against hPOSH were named HI 53, clones expressing scrambled RNAi were 

25 named HI 87. 

• Transfection and immunofluorescent analysis: 
Gag-EGFP experiments are described in Figure 22. 

HI 53 or HI 87 cells were transfected with Src or Rapsyn-GFP (Image clone 
image: 3530551 or pNLenv-1). Eighteen hours post transfection cells were washed 
30 with P BS a nd i ncubated o n i ce with A lexa F luor 6 47 c onjugated C on A t o 1 abel 
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plasma membrane glycoproteins. Subsequently cells were fixed in 3% 
paraformaldehyde, blocked with PBS containing 4% bovine serum albumin and 1 % 
gelatin. Staining with rabbit anti-Src, rabbit anti-hPOSH (15B) or mouse anti-nef 
was followed with secondary antibodies as indicated. 
5 JLaser scanning confocal microscopy was performed on LSM510 confocal 

microscope (Zeiss) equipped with Axiovert 100M inverted microscope using x40 
magnification and 1.3 -numerical-aperture oil-immersion lens for imaging. For co- 
localization experiments, 10 optical horizontal sections with intervals of 1 jam were 
taken through each preparation (Z-stack>. A single median section of each 
1 0 preparation is shown. 

Example 8, POSH Reduction bv siRNA Abrogates West Nile Virus ("WNV^ 
Infectivity. 

HeLa SS6 cells were transfected with either control or POSH-specific 
15 siRNA. Cells were subsequently infected with WNV (4xl0 4 PFU/well). Viruses 
were harvested 24 hours and 48 hours post-infection, serially diluted, and used to 
infect Vero cells. As a control WNV (4xl0 4 PFU/well), that was not passed through 
HeLa SS6 cells, was used to infect Vero cells. Virus titer was determined by plaque 
assay in Vero cells. 

20 Virus titer was reduced by 2.5-log in cells treated with POSH-specific 

siRNA relative to cells transfected with control siRNA, thereby indicating that 
WNV requires POSH for virus secretion. See Figure 26. 

Experimental Procedure: 

25 • Cell culture, transfections and infection: 

Hela SS6 cells were grown in Dulbecco's modified Eaglet medium 
(DMEM) supplemented with 10% heat-inactivated fetal calf serum and 100 units/ml 
penicillin and 100 |xg/ml streptomycin. For transfections, HeLa SS6 cells were 
grown to 50% confluency in DMEM containing 10% FCS without antibiotics. Cells 

30 were then transfected with the relevant double-stranded siRNA (100 nM) using 
lipofectamin 2000 (Invitrogen, Paisley, UK). On the day following the initial 
transfection, cells were split 1:3 in complete medium and transfected with a second 
9351896_2 

- 102 - 



portion of double-stranded siRNA (50 nM). Six hours post-transfection medium was 
replaced and cells infected with WNV (4xl0 4 PFU/well). Medium was collected 
from infected HeLa SS6 cells twenty-four and forty-eight post-infection (200 u.1), 
serially diluted, and used to infect Vero cells. Virus titer was determined by plaque 
5 assay (Ben-Nathan D, Lachmi B, Lustig S, Feuerstien G ( 1 991 ) Protection of 

dehydroepiandrosterone (DHEA) in mice ifected with viral encephalitis. Arch Viro; 
120, 263-271). 

Example 9. Analysis of the effects of POSH knockdown on M-MuLV expression 
10 and budding 

Experimental Protocol: 
Transfections:- 

A day before transfection, Hela SS6 cells were plated in two 6 wells plates at 
5 xlO 5 cells per well. 24 hours later the following transfections were performed: 

15 4 wells were transfected with control siRNA and a plasmid encoding MMuLV. 
4 wells were transfected with POSH siRNA and a plasmid encoding MMuLV. 
1 well was a control without any siRNA or DNA transfected. 
1 well was transfected with a plasmid encoding MMuLV. 

For each well to be transfected 100 nM (12.5 uJ) POSH siRNA or 100 nM 

20 (12.5 ul) control siRNA were diluted in 250 \i\ Opti-MEM (Invitrogen). 

Lipofectamin 2000 (5 uJ) (Invitrogen, Cat. 1 1668-019) was mixed with 250 ul of 
OptiMEM per transfected well. The diluted siRNA was mixed with the lipofectamin 
2000 mix and the solution incubated at room temperature for 30 min. The mixture 
was added directly to each well containing 2 ml DMEM +10% FBS (w/o 

25 antibiotics). 

24 hours later, four wells of the same siRNA treatment were split to eight 
wells, and two wells without siRNA were split to four wells. 

24 hours later all wells were transfected with 1 00 nM control siRNA or 100 
nM POSH siRNA with or without a plasmid encoding MMuLV (see table below). 
30 48 hours later virions and cells were harvested. 
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No of 
wells 


RNAi 


Amount 
of RNAi 
(ul) per 
well 


Amount of I>NA 
(Pg) Per well 


The volume of 
DNA (ul) per 
well 


r^fjpilCtftllOIl 


5 


POSH 
100 nM(l sl 
and 2 nd 
transfection) 


12.5 


MMuLV (2 ug) 


10 


4 wells for 
VLPs assay 
and 1 well for 
RT 


5 


Control 
100 nM (1 st 
and 2 nd 
transfection) 


12.5 


MMuLV (2 ug) 


10 


4 wells for 
VLPs assay 
and 1 well for 
RT 


1 








10 ul H 2 0 


VLPs assay 


1 






MMuLV (2 ug) 


10 


VLPs assay 



Steady state VLP assay 
Cell extracts:- 

1- Pellet floating cells by centrifugation (10 min, 500xg at 4 °C), save 
5 supernatant (continued at step 7), wash cells once, scrape cells in ice-cold 

lxPBS, add to the corresponding cell pellet and centrifuge for 5 min 1800 
rpm at 4 °C. 

2. Wash cell pellet once with ice-cold lxPBS. 

3. Resuspend cell pellet in 1 50 ul 1% Triton X-100 lysis buffer (20 mM 

1 0 HEPES-NaOH, pH 7.4, 1 50 mM NaCl, 1 .5 mM MgCl 2 , 1 mM EDTA, 1 % 

Triton X-l 00 and Ix protease inhibitors) and incubate 20 minutes on ice. 

4. Centrifuge at 14,000rpm for 15 min. Transfer supernatant to a clean tube. 

5. Determine protein concentration by BCA. 

6. Prepare samples for SDS-PAGE by adding 2 of 6xSB to 20 ug extract 
1 5 (add lysis buffer to a final volume of 1 2 ul), heat to 80 °C for 1 0 min. 

Purification of virions from cell media 

7. Filtrate the supernatant through a 0.45 um filter. 

8. Transfer 1500 \x\ of virions fraction to an ultracentrifuge tube (swinging 
20 rotor). 

9. Add 300 ul of fresh sucrose cushion (20% sucrose in TNE) to the bottom of 
the tube. 

10. Centrifuge supernatant at 35000 rpm at 4 °C for 2 hr. 
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11. Resuspend virion pellet in 50 pi hot Ix sample buffer each (samples 153-1, 
2, 3, 187-1, 2, 3). Resuspend VLPs pellet (153-4, 5 and 187 4, 5) in 25 p.1 hot 
lx sample buffer. Vortex shortly, transfer to an eppendorf tube, unite VLPs 
from wells 153-4+5 and 187- 4+5. Heat to 80 °C for 10 min. 
5 12. Load equal amounts of VLPs relatively to cells extracts amounts. 

Western Blot analysis 

1. Separate all samples on 12% SDS-PAGE. 

2. Transfer samples to nitrocellulose membrane (100V for 1 .1 5 hr). 

3. Dye membrane with ponceau solution. 

10 4. Block with 10% low fat milk in TBS-T for 1 hour. 

5. Incubate membranes with Goat anti p30 (8 1 S-263) (1 :5000) in 1 0% low fat 
milk in TBS-T over night at 4 °C. Incubate with secondary antibody rabbit 
anti goat-HRP 1 :8000 for 60 min at room temperature. 

6. Detect signal by ECL reaction. 

15 7. Following the ECL detection incubate memebranes with Donkey anti rabbit 

Cy3 (Jackson Laboratories, Cat 71 1-165-152) 1:500 and detect signal by 
Typhoon scanning and quantitate. 



Results: 

20 As shown in Figure 27, POSH knockdown decreases the release of 

extracellular MMuLV particles. 



Example 10, POSH Protein-protein interactions by yeast two hybrid assay 

POSH-associated proteins were identified by using a yeast two-hybrid assay. 
25 Procedure: 

Bait plasmid (GAL4-BD) was transformed into yeast strain AH 109 

(Clontech) and transfromants were selected on defined media lacking tryptophan. 

Yeast strain Y 1 87 containing pre-transformed Hela cDNA prey (G AL4- AD) library 

(Clontech) was mated according to the Clontech protocol with bait containing yeast 
30 and plated on defined media lacking tryptophan, leucine, histidine and containing 2 

mM 3 amino triazol. Colonies that grew on the selective media were tested for beta- 

galactosidase activity and positive clones were further characterized. Prey clones 
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were identified by amplifying cDNA insert and sequencing using vector derived 

primers. 

Bait: 

Plasmid vector: pGBK-T7 (Clontech) 
5 Plasmid name: pPL269- pGBK-T7 GAL4 POSHdR 

Protein sequence: Corresponds to aa 53-888 of POSH (RING domain deleted) 

RTLVGSGVEELPSNILLWLLDGIKQRPWKPGPGGGSGTNCTNALRSQSSTVANCSSKDL 
QSSQGGQQPRVQSWSPPVRGI PQLPCAKAL YNYEGKE PGDLKFS KGDI I ILRRQVDENWY 
HGEVNGIHGFFPTNF^QIIKPLPQPPPQCKALYDFEVKDKEADKDCLPFAKDDVIjTVIRR 

10 VDENWAEGMLADKIGIFPISYVEFNSAAKQL.IEWDKPPVPGVDAGECSSAAAQSSTAPKH 
SDTKIO^KKRHSFTSLTMANKSSQASQNRHSMEISPPVLISSSNPTAAARISEIjSGLiSCS 
APSQVHISTTGLIOTPPPSSPVTTGPSFTFPSDVPYQAALGTLNPPLPPPPLLAATVLAS 
TPPGATAAAAAAGMGPRPMAGSTDQIAHLRPQTRPSVYVAIYPYTPRKEDELEIjRKGEMF 
LVFERCQDGWFKGTSMHTSKIGVFPGNYVAPWRAVTNASQAKVPMSTAGQTSRGVTMVS 

1 5 PSTAGGPAQKLQGNGVAGS PS WPAAWS AAH I QTS PQAKVXLHMTGQMTVNQARNAVRT 
VAAHNQERPTAAVTPIQVQNAAGLSPASVGLSHHSLASPQPAPLMPGSATHTAAISISRA 
S APLACAAAAPLTS PS I TS ASLE AE PSGR I VTVL PGLPTS P DS AS S ACGNS SATKPDKDS 
KJCEiaCGLLKLLSGASTKRKPRVSPPASPTLEVELGSAELPLQGAVGPELPPGGGHGRAGS 
C PVDGDGPVTTAVAGAALAQDAFHRKAS SLDSAVPI A P P PRQACS SLG PVLNESRPWCE 

20 RHRVWSYPPQSEAELELKEGDIVFVHKKREDGWFKGTLQRNGKTGLFPGSFVENI 

Library screened: Hela pretransfomied library (Clontech). 

One regulatory subunit (e.g., PRKAR1A) of PKA was identified as a POSH- 
AK by yeast two-hybrid screen. As shown below, PKA phosphorylates POSH. 
Since both a regulatory subunit and a catalytic subunit are required for the PKA 
25 function, a catalytic subunit of PKA such as PRKACA or PRKACB forms a 
complex with POSH and can be a POSH-AK. 

Examples of sequences for a regulatory subunit of PKA (PRKAR1 A) and 
two catalytic subunits of PKA (PRKACA and PRKACB) are presented below. 

30 Human PRKAR1 A mRNA sequence - varl (public gi: 23273779) 

GGTGGAGCTGTCGCCTAGCCGCTATCGCAGAGTGGAGCGGGGCTGGGAGCAAAGCGCTGAGGGAGCTCGG 
TACGCCGCCGCCTCGCACCCGCAGCCTCGCGCCCGCCGCCGCCCGTCCCCAGAGAACCATGGAGTCTGGC 
AGTACCGC CGCC AGTGAGGAGG CACGCAG C CTT CG AG AATGTG AGCTCTACGTCCAGAAG CATAACATTC 
AAGCGCTGCTCAAAGATTCTATTGTGCAGTTGTGCACTGCTCGACCTGAGAGACCCATGGCATTCCTCAG 

3 5 GG AATACTTTGAG AGGTTGGAGAAGGAGGAGGC AAAAC AGATTC AG AATCTG C AGAAAG CAGGC ACT C GT 

ACAGACTC AAGGGAGGATGAGATTTCTCCTC CT CCA C C CAACCC AGTGGTTAAAGGTAGGAGG CGACGAG 
GTG CTATCAG CGCTGAGGT CTACACGGAGG AAG ATGCGG CATCCT ATGTT AGAAAGGTT AT A CC AAAAGA 
TT ACAAGAC AATGGC CG CTTTAGCCAAAGCCATTGAAAAG AATGTG CTGTTTTCACATCTT GATGATAAT 
GAGAGAAGTGATATTTTTGATGCCATGTTTTCGGTCTCCTTTATCGCAGGAGAGACTGTGATTCAGCAAG 

40 GTGATGAAGGGGATAACTTCTATGTGATTGATCAAGGAGAGACGGATGTCTATGTTAACAATGAATGGGC 
AACCAGTGTTGGGGAAGGAGGGAGCTTTGGAGAACTTGCTTTGATTTATGGAACACCGAGAGCAGCCACT 
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GTCAAAGCAAAGACAAATGTGAAATTGTGGGGCATCGACCGAGACAGCTATAGAAGAATCCTCATGGGAA 
GCACACTGAGAAAGCGGAAGATGTATGAGGAATTCCTTAGTAAAGTCTCTATTTTAGAGTCTCTGGACAA 
GTGGGAACGTCTTACGGTAGCTGATGCATTGGAACCAGTGCAGTTTGAAGATGGGCAGAAGATTGTGGTG 
CAGGGAGAACCAGGGG ATGAGTT CTTCATTATTTTAG AGGGGTC AG CTGCTGTGCTACAACGTCGGT CAG 
5 AAAATGAAGAGTTTGTTGAAGTGGGAAGATTGGGGCCTTCTGATTATTTTGGTGAAATTGCACTACTGAT 
GAATCGTCCTCGTGCTGCCACAGTTGTTGCTCGTGGCCCCTTGAAGTGCGTTAAGCTGGACCGACCTAGA 
TTTGAACGTGTTCTTGGC CCATG CT CAGACATCCTCAAAC GAAACATCCAGC AGTACAACAGTTTTGTGT 
CACTGTCTGTCTGAAATCTGCCTCCTGTGCCTCCCTTTTCTCCT 

AAACTGCTTTATTTTCCCTACTTGCAGCGCCAAGTGGCCACTG<jCATCGCAGCTTCCTGTCTGTTTA 

1 0 attgaaagttgcttttattgcaccattttcaatttggagcatt^ 

AATAGAAAGAGTTCTATGGAGACTTTGCrrGTTACTGCTTCTCTTTGTGCAGTGTTAGTATTCACCCTGGG 
CAGTGAGTGCCATGCTTTTTGGTGAGGGCAGATCCCAGCACCTATTGAATTACCATAGAGTAATGATGTA 

TGCTGTATTTCTTTGTAGAATAAATGGTTTCTCATTA 
1 5 ATCTTAGTATAGTAGAAAGACAT CTGCCTGTAATTAAACTAGTTT AAGG GTGG AAAAATGCC CATTTTTG 
CTAATTATCAATGGGATATGATTGGTTCAGTTTTTTTTTTTCCAGAGTTGTTGTTTGCCAAG CTAAT CTG 

TATACCTGCCTTTTAAGTTTGAAACTAACTCATAGATTGCAAATATTGGTTAGTATTTAACT 
CTCGGCTCACAAATTCCGATTAGACCTTTATCCAGCTAGTGCCAAATAATTGATCAGATGCTGAATTGAG 

20 AATAAGAATTTGAGGTCTACATTCTTGGTTGTTAATTTAGAGCGTTTGGTTAAAGTATGTCCTTCAGCTG 
ACTC CAGTATAAT CTCCT CTG CTCATTAAACTGATT CCAGG AG ATTGG ATTTGCTGTGACTAGATAC AGA 
TGGAGCAAATGTCCTAACAGAGAAATAGAGGTGATG CTGCT AAAGGGAG AAATG CCAGG CGGACAAAGTT 
CAGTGTCGGGAATTTTC C C CGTG ACATT CACTGGGG CATG AGATTTTGG AAGAAGTTTTTTACTTTGGTT 
TAGTCTTTTTTTCCTTCCTTTTTATTCAGCT^ 

25 GTGTTGCTT C AAATTGGT CTG AAAGGCTATCCTGCGGAAAGTCCTG CTTTCCTATCTAG CATTTATTTCT 
CTGGCAAACTTTTCTTTCTTTTCTTTTTT^ 

TTTCCAGCCTTATGTGTTACATTATTCCAATGATAC CCAACAGTT*I'ATTTTT AT TATTTTTTTAAACAAA 
ATTT C ACAGTT CTGT AATGT AGGCACTTTT AT TTT C ATTGTGATT T AT AT AT AAGGT AATGTAGGGTTAT 
ATTTGGGAGTGACTGCAAGCATTTTTCCATCTGTGTGCAACTAACTGACTCTGTTATTGATCCCTTCTCC 
3 0 TG CC C TTT C C CAGGTAATTT AAATTGGT CATGGT AG ATTTTTTT C AT AG ATTTG AAAAACTTTTAGGTTG 
TT AC C AAGT AT G AAG TAT AAAT CTGGGG AAG AGGTTTTAT TT AC AT TTT AGGGTGGGT AAGAAAG C CAC C 
TTGTT ACAAATTITTTAATTT CCAAAATAAT CT ATAT T AAATG AG GGTTT CTG ATCTGTACTTTGTGTTT 
AGCTACCTTTTTATATTTAAAAAATTAAAAATGAAAATT^ 

CTTTGTTTAAATGCCAAAATGTACTTAAATGAGTTACTTAGAATGCCATAAAATTGCAGTTTC 
3 5 TATATAATCATGCTCATGTATATTTAGTTACGTATAATGCTTTCTGAGTGAGTrTTACTCTTAAATCATT 
TGGTT AAATC ATTTGG CTTGCTGTTTACTCCCTT CTGT AGTTTTT AATTAAAAACTTTAAAGATAAGTCT 
ACATTAAACAATGATCACATCTAAAGCTTTATCTTTGTGTAATCrA 
GCATAATTTGTCTTAGTTGATATTCAAGGCTTTAAAAGTCATTATTCCTGC^CTT 

GAGATTTACTGCTCTAGAAAGTATAGATGGCGAAAGGACCGTTTTGTATTGCTTCCTGATTACCAGTCTG 
40 ATTATACCATGTGTGCTAATATACTTTTTTTGTTATAGATTGTCTTAATGGTAGGTCAAGTAATAAAAAG 
AGATGAAATAATTTAAAAAAAAAAAAAAAA 

Human PRKAR1 A mRNA sequence - var2 (public gi: i6583os) 

AGAGG CGTCAAGGGAGGCCGGAGGGAGAGTGGGGTGGACAG AGG AGCGGAGGGACGAGAGGGAAG CGCAC 
45 GAT AG CTG CGCGGAGAGAGAG CGAAGAGCAGGAGGAGGAACAAAGG CGACCCAAG AC AC CC AG AG AGGG A 
CAGAGAACCATGGAGTCTGGCAGTACCGCCGCCAGTGAGGAGGCACGCAGCCTTCGAGAATGTGAGCTCT 
ACGTCC AGAAG CATAACATT CAAG CGCTG CT CAAAGATT CTATTGTGCAGTTGTGC ACTGCTCGACCTGA 
GAGACCCATGGCATTCCTCAGGGAATACTTTGAGAGGTTGGAGAAGGAGGAGGCAAAACAGATTCAGAAT 
5 0 ^^GCAG AAAGCAGGCACTTCGTACAGACrrCAAGGGAGGATG AGATTT CT CTCCACCCAA 

Human PRKAR1 A mRNA sequence - var3 (public gi: 21757396) 

TAATTTTCrrTGTGTGTTTTTAAAAATTTTGATT ATG CTAGT AGTTGG CT AATC AGATCCTCACT CCAGTG 
GTTTGCTCTGTGACGTTAGGATACTCCCATGGGATAGAAGTTACGTATAGGGAATGTCAGATATTCTTCA 
TTGTGCTGACTTGCTTTCGCTTACAGTTGACTTTTGTGCCCTGGTAATTCTGTATCCTGTTTACCGTTTA 
55 CCTACTTCCCACGTCATCATGATTTCTTTTGAGGGAGAACTGAATGAAATTCCCTTAAGGGCCTGACITC 
AGCACCCGTCTCTGCAGAGGTTAGTGGCTCATACTTCCTCCCAGCAGCTC^ 

TGC CTACAGAGCACAGATCCTGAACTAAATGAAAC ATTTACTTGG AAT AAT G CTAATTCTGT AC ATATTT 
T ATTCCCTT AG TCCCCACTTCC CrrGTTTAAAAACAAAATCTACTTAG AAAAAAATC CCTGTGAAT CAGTTG 
TCTAATGAATTTAGCAAGTTAAATGCCAGATTGACATTTTGCTTTATAGTTTATACAAGCATGTGTGTGT 
TTTTTTCTCGCAGAGAACCATGGAGTCTGGCAGTACCGCCGCCAGTGAGGAGGCACGCAGCCTTCGAGAA 
TGTG AG CTCT A CGTC CAGAAG CATAACATTCAAGCG CTG CT CAAAGATT CT ATTGTGCAGTTGTGCACTG 
CTCG AC CTGAGAGAC CCATGGCATT CCTCAGGG AAT AC TTTG AG AGGTTGG AG AAGG AGGAGGC AAAACA 
G ATT CAG AAT CTG CAGAAAG CAGG CACTCGT ACAGACT C AAGGG AGG ATG AG ATTT CTC CTCCT CCACCC 
AACCCAGTGGTTAAAGGTAGGAGGCGACGAGGTGCTATCAGCGCTGAGGTCTACACGGAGGAAGATGCGG 
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CATCCTATGTTAGAAAGGT T ATACC AAAAGATTACAAGACAATGGCCGCTTTAGCCAAAG CCATTG AAAA 
GAATGTGCTGTTTTCACAT CTTG ATGATAATGAGAGAAGTGATATTTTTG ATGCCATGT TTTCGGT CTCC 
TTTATCG CAGGAGAGACTGTGATT CAG CAAGGTGATGAAGGGGATAACTT CTATGTG ATTG AT CAAGG AG 
AGACGGATGT CTATGTTAACAATG AATGGGC AAC C AGTGTTGGGGAAGGAGGGAGCTTTGGAG AA.CTTGC 
5 TTTGATTTATGGAACACCGAGAGCAGCCACTGTCAAAGCAAAGACAAATGTGAAATTGTGGGGCATCGAC 
CGAGACAGCTATAGAAGAATCCTCATGGGAAGCACACTGAGAAAGCGGAAGATGTATGAGGAATTCCTTA 
GTAAAGT CTCTATTTT AGAGT CT CTGG ACAAGTGGGAACGTCTTACGGTAGCTGATG CATTGGAAC C AGT 
GCAGTTTGAAGATGGGCAGAAGATTGTGGTGCAGGGAGAACCAGGGGATGAGTTCTTCATTATTTTAGAG 
GGGTCAGCTGCTGTGCTACAACGTCGGTCAGAAAATGAAGAGTTTGTTGAAGTGGGAAGATTGGGGCCTT 

10 CTGATTATTTTGGTGAAATTGCACTACTGATGAATCGTCCTCGTGCTGCCACAGTTGTTGCTCGTGGCCC 
CTTG AAGTG CGTT AAG CTGGACCGACCTAGATTTGAACGTGTTCTTGGCCCATGCTCAG AC ATCCT C AAA 
CGAAACATCCAGCAGTACAACAGTTTTGTGTCTVCTGTCTGTCTGAAATCCGCCrrCCTGTGCCTCCCTTTT 
CTCCTCTCCCCAATCCATGCTTCACTCATGCAAACTGCTTTATTTTCCCTACTTGCAGCGCCAAGTGGCC 
ACTGGCATCG CAGCTTT CCTGTCTGTTTATATATTG AAAGTTGCTTTTATTGCACCATTTTCAATTTGGAG 

1 5 CATTAACTAAATGCTCATACACAGTTAAATAAATAGAAAGAGTTCTATGG 

Human PRKAR1 A mRNA sequence - var4 (public gi: 1526988) 

GGCAGAGTGG AGCGGGGCTGGGAG CAAAG CG CTGAGGGAGCTCGGTACGC CGCCGC CTCGCACCCGCAGC 
CTCGCGCCCGCCGCCGCCCGTCCCCAGAGAACCATGGAGTCTGGCAGTACCGCCGCCAGTGAGGAGGCAC 
20 G CAG C CTTC G AG AATGTGAG CT CTACGT C CAGAAG CATAA C ATT CAAG CGC T G CT C AAAGATT CT ATTGT 
GCAGTTGTGCACTGCTCGACCTGAGAGACCCATGGCATTCCTC^GGGAAT^ 

GAGGAGGCAAAACAGATTCAGAATCTGCAGAAAGCAGGCACTCGTACAGACTCAAGGGAGGATGAGATTT 
CTCCTCCTCC AC CC AACCCAGTGGTTAAAGGTAGGAGGCG ACGAGGTGCTATCAG CGCTGAGGTCT ACAC 
GGAGGAAGATGCGGCATCCTATGTTAGAAAGXjTTATACGAAAAGATTACAAGACAATGG 
25 AAAGCCATTGAAAAGAATGTGCTGTTTTCACATCITTGATGATA 

TGTTTTCGGTCTCCTTTATCGCAGGAGAGACrrGTGATTCAGCAAGGTGATGAAG 

GATTGATCAAGGAGAGACGGATGTCrTATGTTAACAATGAATGGGCAACCAGTGTTGGGGAAGGAGGGAGC 
TTTGGAGAACTTGCTTTGATTTATGGAACA.CCGAGAGCAGCCA 

TGTGGGGCATCGACCGAGACAGCTATAGAAGAATCCTCATGGGAAGCACACTGAGAAAGCGGAAGATGTA 
30 TGAGGAATTCCTTAGTAAAGTCTCTATTTTAGAGTCTCTGGACAAGTGGGAACGTCTTACGGTAGCTGAT 
GCATTGG AAC C AGTG CAGTTTGAAGATGGGCAGAAGATTGTGGTG CAGGGAGAACCAGGGGATGAGTTCT 
TCATTATTTTAGAGGGGTCAGCTGCTGTGCTACAACGTCGGTCAGAAAATGAAGAGTTTGTTGAAGTGGG 
AAGATTGGC^CCTTCTGATTATTTTGGTGAAATTGCACTACTGATGAATCGTCCTCGTGCT 
GTTGCT CGTGGC CCCTTGAAGTGCGTTAAGCTGGAC CGACCTAGATTTGAACGTGTTCTTGG CCC ATG CT 
3 5 GAGACATCCTTCAAACGAAACATCCIAGCAGTACAACAGTTTTGTG 
TGTGCCTCCCTTTTCTCCTCTCCCCAATCCATGCre 

AGCG CCAAG TGGCCACTGGCATCGCAGCTTCCrrGTCTGTTTATATATTAAAGTTGCTT TT ATTGCAC CAT 
TTTCAATTT GGAGCATTAACTAAATGCT CATACACAGTTAAATAAATAGAAAGAGTTCTATGG AAAAAAA 
AAAAAA 

40 

Human PRKARlAmRNA sequence - var5 (public gi: 1526 98 9) 

GCTGGGAGCAAAGCGCTGAGGGAGCTCGGTACGCCGCCGCCTCGCACCCGCAGCCTCGCGCCCGCCGCCG 
CCCGTCCC CAGAG AACC ATGGAGTCTGG CAG TAC CG CCGCCAGTGAGGAGG C ACG CAG CCTTCGAGAATG 
TGAG CTCTACGTCC AG AAGCAT AACATT CAAGCG CTGCTCAAAGATTCT ATTGTG CAGTTGTG CACTGCT 

45 CGACCTTGAGAGACCCATGGCATTCCTCAGGGAATACTrT^ 

TTC AGAATCTGC AGAAAGCAG GCACTCGTACAGACT CAAGGGAGGATGAGATTTCT C CTCCT C CACC CAA 
CCCAGTGGT T AAAGGTAGGAG GCGACGAGGTGCTAT CAGCG CTGAGGTCTACACGGAG GAAGATG CGGCA 
TCCTT ATGTT AG AAAGGTTATACCAAAAGATTACAAGACAATGGCCGCTTTAG C CAAAG C CATTGAAAAG A 
ATGTGCTGTTTTC ACATCrTTGATGATAATGAGAGAAGTGATATTTTT*G ATGC CATGT^ TT CGGTCTC CTT 

50 TAT CGCAGGAGAGACTGTGAT TCAG CAAGGTGATGAAGGGGATAACTT CTATGTGATTGAT C AAGGAGAG 
ACGGATGTCT ATGTT AACAAT GAATGGGCAACCAGTGTTGGGG AAGGAGGGAG CTTTGGAGAACTTG CTT 
TG ATTT ATGGAAC ACCG AGAG CAGC C ACTGT CAAAGCAAAGACAAATGTGAAATTGTGGGG CATCGACCG 
AGACAGCTATAGAAGAATCCT CATGGGAAGCACACTGAGAAAGCGGAAGATGTATGAGGAATTCCTTAGT 
AAAGTCTCTATTTTAGAGTCT CTGGACAAGTGGGAACGTCTTACGGTAGCTG ATGCATTGGAACCAGTGC 

5 5 AGTTTGAAGATGGGCAGAAGATTGTGGTGCAGGGAGAACCAGGGGATGAGTTCTTCATTATTTTAGAGGG 
GTCAGCTGCTGTGCTACAACGTCGGTCAGAAAATGAAGAGTTTGTTGAAGTGGGAAGATTGGGGCCTTCT 
GATT'ATTTTGGTGAAATTGC^CTAOTGATGAATCGTCCTCGTGCTGCCACAGTTGTTGCTCGTGG 
TGAAGTGCGTTAAGCTGGACCGACCTAGATTTGAACGTGTTCTTGGCCCATGCTCAGACATCCTCAAACG 
AAACATCCAGCAGTACAACAGTTTTGTGTCACTGTCTGTCTGAAATCTGCCTCCTGTGCCTCCCI^TTCT 

60 CCTCTCCCCAATCCATGCTTCACTCATGCAAACTGCTTTATTTTCCCTACTTGCAGCGCCAAGTGGCCAC 
TGGCATCGCAGCTTCCTGTCTGTTTATATATTGAAAGTTGCTTTTATTGCACCATTTTCAATTTGGAGCA 
TTAACTAAATGCTCATACACAGTTAAATAAATAGAAAGAGTTCTATGGAGACTTTGCTGTTACTGCTTCT 
CTTTGTGCAGTGTTAGTATTCACCCTGGGCAGTGAGTGCCATGCTTTTTGGTGAGGGCAGATCCAGCACC 
TATTGAATTACCATAGAGTAATGATGTAACAGTGCAAGATTTTTTTTTTTAAGTGACATAATTGTCCAGT 
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TATAAGCGTATTTAGACTGTTCCCATATATGCTGTATTTCTTTGTAGAATAAATGGTTTCTCATTAAACT 
CTAAAGATTAGGGAAATGGATATAGAAAATCTTAGTATAGTAGAAAGACLATCTGCCTGTAATTAAACTAG 
TTTAAGG^TGGAAAAATGAAAATTTTTGCTAATTAT CAATGGGATATGATTGGTTCAGTTTTTTTTTTC C 
AGAGTTGTTGTTTG CCAAGCT AATCTGCCTGGTTT ATTTATATCTTGTTATTAATGTTTCTTCTCCAATT 
5 CTGAAATACTTTTGAGTATGG CTATCTATACCTG CCTTTTAAGTTTGAAA CT AACTCATAGATGCAAATA 

TTGGTTAGTATTTAACTACATCTGCCTCTCCTCACAAATTCCGATTAGACCTTTATCCAGCTAGTGCC 
ATAATTGATCAGATGCTGAATTGAGAATAAGAATTTGAGGTCTACATTCTTGGTTGTTAATTTAGAGCGT 
TTGGTTAAAGTATGT CCTTCAGCTGACTCCAGTATAATCTC CTCTG CTCATTAAACTGATTCC AGGAGAT 
TGGATTTGCTGTGACTAGATACAGATGGAGCAAATGTCCTAACAGAGAAATAGAGGTGATGCTGCTAAAG 
1 0 GGAGAAATGCCAGGCGGACAAAGTTCAGTGTCGGGAATTTTCCCCGTGACATTCACTGGGGCATGAGATT 
TTGGAAGAAGTTTTTTACTTTGGTTTAGTCTTTTTTTCCTCC^ 

TTGATGGTAGGGTATAATGTGTCTGTGTTGCTTTCAAATTGGTCTGAAAGGCTATCCTGCTGAAAGTCCTG 
CrrrTCCTATCTAGCATTTATTCCrrcrrGGCAA^ 

TGAGTCTT AACTGTATTT CAGTATTT TCCAGCCTTATGTGTTACATTATTCCAATGATACCC AACAGTTT 
1 5 ATTTTTATTATTTTTTTAAACAAAATTTC 

ATATAT AAGGT AATGTAGGGTT AT ATTTGGGAGTG ACTGCAAGCATTTT TCCATCTGTGTG C AACTAACT 
G ACT CTGT T ATTG AT C CCTTCTC CTG C C CTTT C C C AGGT AATTTAAATTGGT CATGGTAG AT TTTTT T C A 
TAGATTTGAAAAACTTTTAGGTTGTTACCAAGTATGAAGTATAAATCTGGGGAAGAGGTTTT 
TTTAGGGTGGGTAAGAAAGCCACCTTGTTACAAATTTTTTAATTTCCAAAATAATCT 
20 GTTTCTGAT CTGT ACTTTGTGTTT AG CT AC CTTTTT ATATTT AAAAAAT T AAAAATG AAAAT TATGTTCT 
TACAAGCTTAAAGCTTGATTTGATCT 

Human PRKARl A mRNA sequence - var6 (public gi: 4506062) 

GCTG<MAGCAAAGCGCTGAGGGAGCrCGGTACGCCGCCGCCrrCGCACCCGCAGCCTCGCGCCCGCCGCCG 

2 5 CCCGTCC C CAGAGAACCATGGAGTCTGG CAGTACCGCCGrCCAGTGAGGAGGCACGCAGCCTT CGAGAATG 

TGAGCTCTACGTCCAGAAGCATAACATTCAAGCGCTGCTCAAAGATTCTATT^ 

CGACCTG AGAGAC C CATG G CATT C CT C AGGG AAT ACTTTGAGAGGTTGGAGAAG GAGG AGGC AAAAC AG A 
TT C AG AATCTGC AGAAAG C AGGCAC T CGT AC AG ACT CAAGGGAGG ATGAGATTT CTC CT C CT C CAC C CAA 
CCCAGTGGTTAAAGGTAGGAGGCGACGAGGTGGTATCAGCGCTGAGGTCTAC^CGGAGGAAGATGCGGCA 

3 0 TCCT ATGTTAGAAAGGTTATACCAAAAGATTACAAGACAA^ 

ATGTC^TGTTTTCACATCTTGATGATAATGAGAGAAGTGATATTTTTGATGCC^ 

TATCGC^GGAGAGACTGTGATTCAGCAAGGTGATGAAGGGGATAACTTCTATGTGATTGATCAAGGAGAG 
ACG GAT GTCTATGTTAACAATGAATGGGCAACCAGTGTTGGGGAAG 

TG ATTT ATGG AA CA C CGAG AG C AGCCACTGT C AAAG CAAAGAC AAATGTGAAATTGTGGGG CATCG A CC G 
3 5 AGACAGCTATAGAAGAAT CCT CA.TGGG AAGCACACTGAGAAAGCGGAAGATGTATGAGGAAT^ 
AAAGTCTCTATTTTAGAGTCTCTGGACAAGTGGGAAC^ 

AGTTT G AAG ATGGG CAGAAGATTGTGGTGCAGGG AG AACCAGGGGATGAGTT CTT CATTATTTT AG AGGG 
GTCAGCTGCTGTGCTACAACGTCGGTCAGAAAATGAAGAGTTTGTTGAAGTGGGAAGATTGGGGCCTTCT 
GATTATTTTGGTGAAATTGCACTACTGATGAATCGTCCTCGTGCTrGCCACAGTTGTTGCTCGTGGC 

40 TGAAGTGCGTTAAGCTGGACCGACCTAGATTrTGAACGTGTTCTTGGCCCATGCTCAGACATCCT 

AAACATCCAG CAGTACAACAGTTTTGTGTCACTGTCTGTCTGAAATCTGCCTCCTGTGC CTCCCTTTTCT 
CCTCTCCCCAATCCATGCTTCACTCATGCAAACTGCTTTATTTTCCCTACT^ 
TGGCATCGCAGCTTCCTGTCTCTTTATATATTGAAAGTTGCTTTTATTGCACCATT^ 
TTAACTAAATGCTCATACACAGTTAAATAAATAGAAAGAGTTCTATGGAGACTTTGCrrGTT 

45 CTTTGTGCAGTGTTAGTATTCACCCrrGGGCAGTGAGTGCCATGC TT l 

TATTGAATTACCATAGAGTAATGATGTAACAGTGCAAGATTTTTTTTTTTAAGTGACATAATTGTCCAGT 
T ATAAGCGTATTTAG ACTGTGGC CAT ATATGCTGT ATTTCTTTTGTAGAATAAATGGTTT CTCATTAAACT 
CTAAAGATTAGGGAAATGGATATAGAAAATCTTAOTATAGTAGAAAGACATCTGCCTGTAATT 
TTTAAGGGTGGAAAAATGAAAATTTTTGCTAATTATCAATGGGATATGATTGGTT 

5 0 AGAGTTGTTGTTTGCCAAGCT7\ATCTGCCT GGTTT ATTT ATATCTTGTTATTAATGTTT CTT 
CTGAAATAOTTTTGAGTATGGCTATCrATACCTGCCTTTTAAGTTTGAAACT 

TTGGTTAGTATTT AACT ACAT CTGCCTCGGCTC AC AAATTC CGATTAGACCTTTATCCAGCT AGTGC C AA 
ATAATTGATCAGATGCTGAATTGAGAATAAGAATTTGAGGT CTACATT CTTGGTTGTTAATTT AGAG CGT 
TTGGTTAAAGT ATGTCCITTCAGCTGACT CCAGTATAATCTC CTCTG CTCATTAAACTGATTC CAGGAGAT 
55 TGGATTTGCTGTGACTAGATACAGATGGAGCAAATGTCCTAACAGAGAAATAGAGGTGATGCTGCTAAAG 
GGAGAAATGCCAGGCGGACAAAGTTCAGTGTCGGGAATTTTCCCCGTGAC^TTC^VCTGGGGCATGAGATT 
TTGGAAGAAGTTTTTTACTTTC^TTTAGTCTTTTTTTCCrCCTTTTTATT^ 

TTGATGGTAGTCTATAATGTGTCTGTGTTGCTTCAAATTGGTCrGAAAGGCTATCCTGCTGAAAGTCCTG 
CTTTC CT ATCT AG C ATTT ATT CCT CTGG CAAACTTTTCTTT CTTTT CTTTTTTAAAGT AAACTTGTGTAT 

60 TGAGT CTT AACTGTATTT CAGTATTTTC CAGCCTTATGTGTTACATTATTC CAATG AT ACCC AACAGTTT 
ATTTTTATTATTTTTTTAAACAA^TTTC^CAGTTCTGTAATGTAGGCACTTTTATTTTCATTGTGAT^ 
ATATATAAGGTAATGTAGGGTTAT ATTTGGGAGTGACTG CAAGCATTTTT CCATC TGTGTGC AACTAACT 
GACTCTGTTATTGATCCCTTCTCCTGCCCTTTCCCTAGGTAATTTAAATTGGTCATGGTAGATTTTTTTCA 
TAGATTTGAAAAACTTTTAGGTTGTTACCAAGTATGAAGTATAAATCTGGGGAAGAGGTTTTAT*rrACAT 

65 TTTAGGGTGGGTAAGAAAGCCACCTTGTTACAAATl'TTTTAATTTCCAAAATAATCTATATTAAATGAGG 
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GTTTCTGATCTGTACTTTGTGTTTAGCTACCTT 
TACAAGCTT AAAGCTTGATTTGAT CT 

Human PRKAR1 A mRNA sequence - var7 (public gi: 4 8 84 2 v 9) 

5 TATTTTCCAGCCTTATGTGTTACATTATOCCAATGATACCCAACAGTTTATTTTTATTATTTTTTTAAAC 
AAAATTTCACAGTTCTGTAATGTAGGCACTTTTATTTTCATTGTGATTTATATATAAGGTAATGTAGGGT 
TATATTTGGGAGTGACTGCAAGCATTTTTCCATCTGTGTGCAACTAACrrGACTCTGTTATTGATCCCTTC 
T CCTGCCCTTTC CCAGGTAATXTAAATTGGT CATGGTAGATTTTTTT CATAGATTTGAAAAACTTTTAGG 
TTGTTACCAAGTATGAAGTATAAATCTGGGGAAGAGGTTTTATTTACATTTTAGGGTGGGTAAGAAAGCC 

1 0 ACCTTGTTACAAATTTTTTAATTTCCAAAATAAT 

TTTAGCTAC CTTTTTATATTTA^AAAAATT AAAAATG AAAATTAC GTT CTTACAAG CTTAAAGCTTGATTT 
GAT CTTTGTTTAAATGCCAAAATGTACTT AAATG AG TTACTT AGAATGCCATAAAATTGCAGTTTCATGT 
ATGTATATAATCATGCTCATGTATATT^AGTTACGTATAATGCTTTCTGAGTGAGTTTTACTCTTAAATC 
ATTTGGTTAAATCATTTGG CTTGCTGTTT ACTCC CTTCTGTAGTTTTTAATTAAAAACTTTAAAGATAAG 

1 5 TCTACATTAAACAATGATCACATCTAAAGCTT'rATCTTTGTGTAATCTAAGTATATGTGAGAAATCAGA 
TTGGCATAATTTGTCTTAGTTGATATTCAAGGCTTTAAAAGTCATTATTCCTGGGCT^ 

TATGAGATTTACTGCTCTAGAAAGTATAGATGGCCAAAGGACCGTTATGTATTGCTTCCTGATTACCAGT 
CTGATTATACCATGTGTGCTAATATACTTTTTTTGTTATAGATTGTCTTAATGGTAGGTCAAGTAATAAA 
AAGAGATGAAATAATTTAAAAAAAAAAAAA 

20 

Human PRKAR1 A Protein sequence - varl (public gi: ie 58 30 6) 

MESGSTAASEKARSLRECELYVQKHNIQAliLKDSIV 
AGTRTDSREDEISPPPP 

25 

Human PRKAR1 A Protein sequence - var2 (public gi: 23273780) 

MESGSTAAS EEARSLRECELYVQKHNI QALLKDS I VQLCTARPERPMAFLREYFERLEKEEAKQIQNLQK 
AGTRTDS REDE I SPPPPNPWKGRRRRGA I SAEVYT EEDAAS YVRKV I PKDYKTMAALAKAI EKNVI*FSH 
LDDNERSDI FDAMFSVS F I AGE TVI QQGDEGDN F Y V I DQGETDVYVNNEWATS VGEGGS FGELALI YGTP 
30 RAATVKAKTWKLWGIDRDSYRBII^GSTLRKRKMYEEFLSKVSILESLDKWERLTVADAL^ 

K I WQGE PGDEF F 1 1 LEGS AAVLQRRS ENEE FVEVG RLGPS D YFGE IALLMNR PRAATWARG PLKCVKX* 
DRPRFERVLGPCSDILKRNIQQYNSFVSLSV 

Human PRKACA mRNA sequence - varl (public gi: 24 980835) 

35 TCGGG CTGAGGTT C C CGGG CGGG CGGG CG C GG AG AG ACG CGGG AAGCAGGGG CTGGG CGGGGGT CGCGG C 
GCCGCAGCTAGCGCAGCCAGCCCGAG<^CCGCCGCCGCCGCCGCCC^GCGCGCTCCGGGGCCGCCGGCCG 
CAGCCAGCACCCGCCGCGCCGCAGCTCCGGGACCGGCCCCGGCCGCCGCCGCCGCGATGGGCAACGCCGC 
CGC CG C C AAG AAGGG CAGCGAG CAGGAGAG CGTG AAAG AAT T CTT AG C CAAAG C CAAAG AAGATTTT CTT 
AAAAAATGGGAAAGTCCCGCTCAGAACACAGCCC7\CTTGGATCAGTTTGAACGAATCAAGACCCTCGGCA 

40 CGGGCTCCTTCGGGCGGGTGATGCTGGTGAAACACAAGGAGACCGGGAACCACTATGCCATGAAGATCCT 
CGACAAACAGAAGGTGGTGAAACTGAAACAG ATCG AACACACCC TGAATGAAAAG CGCATCCTGCAAGCT 
GTCAACTTT CCGTTCCTCGTCAAACTCGAG'1'T CTCC TTCAAGGACAACT CAAACTTATACATGGTCATGG 
AGT ACGTGC CCGGCGGGGAGATGTT CTCAC AC CTAC GGCGG ATC GGAAGGTT CAGTGAGCCC CATGCCCG 
TTT CTACGCGG CCCAGATCGTCCTG AC CTTTGAGTATCTGCACT CGCTGGAT CTCATCT ACAGGGACCTG 

45 

AAGCCGGAGAATCTGCTCATTGACCAGCAGGGCTACATTCAGGTGACAGACTTCGGTTTCGCCAAGCGCG 

TGAAGGGCCGCACTTGGACCTTGTGCGGCACCCCTGAGTACCTGGC^^ 

CTACAAC^^GGCCGTGGACTGGTGGGCCCTGGGGGTTCTTA^ 

TTCTTCGCAGACCAG CCCATC CAG ATCTATGAG AAG ATCGTCTCTGGGAAGGTGCGCTTCCCTTCCCACT 
TCAGCTCTGACTTGAAGGACCTGCTGCGGAACCTCCTG<^GGTAGATCTCACC!AAGCGCTTTGGGAACCT 

50 

CAAGAATGGGGTCAACGATATCAAGAACCACAAGTGGTTTGCCACAACTGACTGGATTGCCATCTACCAG 
AGGAAGGTGGAAGCT CCCTTC ATACC AAAGTTT AAAGGCCCTGGGGATACGAGTAACTTTGACGACTATG 
AG<3AAGAAGAAATCCGGGTCTCCATCAATGAGAAGTGTGGCAAGGAGTTTTCTGAGTTTTAGGGGCATGC 
CTGTGCCCCCATGGGTTTTCTTTTTTCTTTTTTCTTTTTTTTGGTC» 
ACAGCCAGAGGGCCCCAGAGTTCCTTGCATCTAATTTCACCCCCACCCGAC^ 
55 CAGGAAGCC CAGATAATCAGAGGGACAGAAACAC CAGCTG CTCC CCCTCATC CCCTTCAC CCTCCTGCCC 
CCTCTCCCACTTTTCCCrrcCCTCTTTCCCCACAG 

CTGTTTT AAACGAGTTTCT CAACTC CAGT CAG AC C AGGTCTTG CTGGTGTAT CCAGGGAC AGGGTATGGA 
AAGAGGGGCTCACGCITAACTCCAGCCCCCACCCACACCCCCATCCCACCC^ 

TAAGGKSCAAATGAACGAAGCGCCAACCTTCCrrTTCGGAGTAATCCrrGCCTGGGAAGGAGAGATT^ 
60 GACATGTTCAGTGGGTTGCTTGCTAGAATTTTTTTAAAAAAACAACAATTTAAAATCTTATTTAAGTTCC 
ACCAGTGCCTCCCTCCCrCCTTCCTCTACTCCCACCCCTCCCATGTCCCCCGATTCCTCAAATCCATTTT 
AAAGAGAAGCAGACTGACTTTGGAAAGGGAGGCGCTGGGGTTTGAACCTCCCCGCTGCTAATCTCCCCTG 
GGCCCCTCCCCGGGGAATCCTCTCTGCCAATCCTGCGAGGGTCTAGGCCCCTTTAGGAAGCCTCCGCTCT 
CTTTTTCCCCAACAGACCTGTCTTCACCCTTGGGCTTTGAAAGCCAGACAAAGCAGCTGCCCCTCTCCCT 
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GCCAAAGAGGAGTCATCCCCCAAAAAGACAGAGGGGGAGCCCCAAGCCCAAGTCTTTCCTCCCAGCAGCG 
TTTCCCCCCAACTCCTTAATTTTATTCTCCGCTAGATTTTAACGTCCAGCCTTCCCTCAGCTGAGTGGGG 
AGGG CAT CCCTGCAAAAGGG AACAGAAGAGGCCAAGTC C CC CCAAG CCACG GCCCGGGGTTCAAGGCTAG 
AGCrrGCrGGGGAGGGGCTGCCTGTTTTACTCACCCACCAGCTTCCGCCTCCCCCATCCTGGGCGCCCCTC 
5 CTCCAGCTTAGCTGTCAGCTGTCCATCACCTCTCCCCCACTTTCTCATTTGTGCTTTTT^ 

AGAAAAGTGGGGAGCCGCTGGGGAGCCACCCCATTCATCCC CGTATTTCCC CCTCTCATAACTTCTCCCC 
ATCCCAGGAGG AGTTCTCAGG C CTGGGGTGGGGCCCCGGGTGGGTG CGGGGGCGATTCAACCTGTGTGCT 
GCGAAGGACGAGACTTCCTCT TGAACAGTGTG CTGTTGT AAACATATTTGAAAACTATTACCAATAAAGT 
TTTGTTTAAAAAAAAAAAAAAAAAA 

10 

Human PRKACA mRNA sequence - var2 (public gi: 84 8923 7) 

GGTGCC CTG AG AAC AGG ACTG AGTG AT GGCTT C C AACT CCAGCG ATG TG AAAG AATT CTTAG CCAAAGCC 
AAAGAAGATTTTCTTAAAAAATGGGAAAGTCCCGCTCAGAACAC AG C C CA 

15 Human PRKACA mRNA sequence - var3 (public gi 4506054) 

CAGTGNGCTCCGGGCCGCCGGOCGCAGCCAGCACCCGCCGCGCCGCAGCTCCGGGACCGGCCCCGGCCGC 
CGCCGCCGCGATGGGCAACGC CGC CGCCGCCAAG AAGGGCAGCGAG CAGGAGAGCGTGAAAGAATTCTTA 
G C C AAAGCCAAAGAAGATTTT CTTAAAAAATGGGAAAGTCC CGCTCAGAACACAGCCCACTTGGAT CAGT 
TTGAACGAATCAAGACCCTCGG CACGGGCTCCTTCGGGCGG GTG ATG CTGGTGAAACACAAGGAGACCGG 

20 

GAACCACTATGCCATGAAGATCCTCGACAAACAGAAGGTGGTGAAACTGAAACAGATCGAACACACCCTG 
AATGAAAAGCGCAT CCTGCAAGCTGT GAACTTTCCGTTCCT CGT CAAACTCGAGTTCTGCTTCAAGGACA 
ACTCAAACTTATACATGGTCATGGAGTACGTG CCCGGCGGGGAGATGTTCT CACACCTACGG CGGATCGG 
AAGGTTCAGTGAGC CCCATGC CCGTTTCTACGCGGCCCAGATCGTC CTGAC CTTTGAGTATCTGCACT CG 
CTGGATCTCATCTACAGGGAC CTGAAGCCGGAG AATCTGCT CATTGACCAG CAGGGCTACATTCAGGTGA 
25 CAGACTTCGGT^TCGCCAAGCGCGTGAAGGGCCGCACTTGGACCTTGTGCGGCACCCCTGAGTACCTGGC 
C CCTGAGATTATCCTGAGCAAAGGCTACAACAAGGC CGTGGACTGGTGGGC CCTGGGGGTTCTTATCTAT 
GAAATGGCCGCTGGCTACCCGCCCTTCTTCGCAGACC^^ 

GGAAGGTGCGCTTCCCTTCCCACTTCAGCTCTGACTTGAAGGACCTGCTGCGGAACCTCCTGCAGGTAGA 
T CTCACCi^GCGCTTTGGGAACCTCAAGAATGGiGGTCAACG ATAT CAAGAA CCACAAGTGGTTTGCCACA 
3 0 ACTG ACTGG ATTG C CAT CT AC CAG AGG AAGGTGGAAGCT C C CTT CAT AC CAAAGTTT AAAGGCCCTGG GG 
AT A CG AGT AACTTTG ACGACT ATGAGG AAGAAG AAATC CGG G T CT C CAT CAAT G AG AAGT GTGGCAAGGA 
GTTTTCTGAGTTTTAGGGGCATGCCTGTGCCCCCATGGGTTTTCTTTTT^ 

GGGGGGGTGGGAGGGTTG^ATTGAACAGCCAGAGGGCCCCAGAGTTCCTTGCATCTrAATTTCACCCCCAC 
CCCACCGrCCAGGGT^AGGGXX5AGCAGK3AAGCCCAGATAAT CAGAGGGAC AG AAACACCAGCTGCTCC CC 
3 5 CTCATCCCCTTCACCCTCCTGCCCCCTCTCCCACTT^ 
TCAGCCCTCCCAGCCCACTTCTGCCTGTTTTAAACG 

GTGTATCCAGGGACAGGGTATGGAuAAGAGGGGCTCACGCTTAACTCCAGCCCCC^ 
C^CCCAACCACAGGCCCCACTTGCTAAGGGCAAATGAACGAAGCGCCAACCTTCCTT 

G CCTGGG AAGGAG AG ATTTTT AGTGACATGTTCAGTGGGTT GCTTG CT AG AATTTTTTT AAAAAAAC AAC 
40 AATTTAAAATCTTAT^TTAAGTTCCACCAGTGCCTCCCrCCCTCCTTCCTCTACT 
CCCCCCATTCCTCAAATCCATTTTAAAGAGJU^GCAGACTGACTT^ 
CCTCCCCGCTGCrAATCTCCCCTGGGCCCerCCCCGGGGAA 
GCCCCTTTAGGAAGCCTCCGCTCTCTTTTTCCCCA^ 

GACAAAGCAGCTGCCCCTCTC CCTGC CAAAGAGGAGTCATCCCCCAAAAAGACAGAGGGGGAGCCCCAAG 
45 C C C AAGTCTTT CCT C CCAG C AG CGTTT CC C CC C AAC T C CTT AATTTT AT T CT C CGCT AGATTTT AACGTC 
CAGCCTTCCCTCAGCrrGAG/TGGGGAGGGCATCCCTGC^ 

CCACGGCCCGGGGT^CAAGGCTAGAGCTGCTGGGGAGGGGCTGCCTGTTTTACTCACCCACCAGCT^ 
CCTCCCCCATCCrGGGCGCCCCTCCTCCAGCT^AGCTGTC^^ 

ATTTGTGCTTTTTT CTCTCGTAATAG AAAAGTGGGG AGCCG CTGGGGAGC C AC CCCATTCATC CCCGTAT 
50 TTCCCCCTCTCATAACTTCrrCCCCATCCCAGGAGGAGTTCTCAGGCCTGGGGTGGGGCCCCGGGTGGGTG 
CGGGGGCGATT'GAACCTGTGTGCTGCGAAGGACGAGA<ZTTCCrrCTTGAACAGTGTGCT 
TTTGAAAACTATTACCAATAAAGTTTGTT 

Human PRKACA mRNA sequence - var4 (public gi. is 9966) 

5 5 GAATT'CTI^AGCCAAAGCCAAAGAAGATTTTCTTAAAAAATGGGAAAGTCCCGCT 

TGGATCAGTTTGAACGAATCAAGACC CTCGGCACGGGCTCCTTCGGG CGGGTGATGCTGGTGAAACACAA 
GG AG ACCGGG AACC ACTATGC CATGAAGATC CTCGA CAAAC AG AAGGTGGTGAAACTGAAAC AGATCGAA 
CACACCCTGAATGAAAAGCGCATCCTGCAAGCrGTCAACTTTCCGTTCCTCGTCAAACTCGAGTTCTCCT 
TC AAGG AC AACTCAAACTTAT ACATGGTCATGGAGT ACGTG C C CGGCGGGG AGATGTT CTCACACCTACG 

60 GCGGATCGGAAGGTTCAGTGAGCCCCATGCCCGTTTCTACGCGGCCCAGATCGTCCTGACCTTTGAGTAT 
CTGCACTCGCTGGATCTCATCTACAGGGACCTGAAGCCGGAGAATCTGCTCATTGACCAGCAGGGCTACA 
TTCAGGTGACAGACTTCGGTTTCGCCAAGCGCGTGAAGGGCCGCACTTGGACCTTGTGCGGCACCCCTGA 
GTACCTGGCCCCTGAGATTAT CCTGAGCAAAGTAGGAGCCTCCCCAGCCCTCCCCTTC CCCTGAGGCCGG 
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CTCTGCTCTCCTGCrcrCGCCTCCTCCrCACCCT^ 

CGTGGACTGGTGGGCCCTGGGGGTTCTTATCTATGAAATGGCCGCTGGCTACCCGCCCTTCTTCGCAGAC 
C AGCC C ATCCAGATCTATGAGAAGAT CGT CTCTGGGAAGGTGAGGTCCGGATGTGGG AC ACAGCCCTGGA 
AG AA A C AGACCGTTCCCTGCTCACCC AT CCTATT CCCTGGGGAGCCCTGCT TGTTGTCAGAATAATCTAG 
5 AAGTTCCTTAAAAAAAAAAAAAAAAA 

Human PRKACA mRNA sequence - var5 (public gi: 11493950) 

TGAGAACAGGACTGAGTGATGGCTTCCAACTCCAGCGATGTGAAAGAATTCTTAGCCAAAGCCAAAGAAG 
ATTTTCTTAAAAAAT GGGAAAGTCCCGCTCAGAACACAG CCCACTTGGATCAGTTTGAACG AATCAAGAC 

1 0 CCTCGG<^CGGGCTCCTTCGGGCGGGTGATGCTGGTGAAACACAAGGAGACCGGGAACCACTATGCCATG 
AAGATCCTCGACAAACAGAAGGTGGTGAAACTGAAACAGATCGAACACACCCTGAATGAAAAGCGCATCC 
TGCAAGCTGTCAACTTTCCGTTCCTCGTCAAACTCGAGTTCTCCTTCAAGGACAACTCAAACTTAT 
GGTCATGGAGTACGTGCCCGG CGGGGAGATGTTCTCA CACCTACGGCGGAT CGGAAGGTTCAGTGAGCCC 
CATG CCCGTTTCTAC GCGGCCCAGATCGTCCTGAC CTTTGAGTATCTGCAC TCGCTGGAT CTCATCTACA 

1 5 GGGA CCTG AAGC CGG AGAATCTG CTCATTGACCAGCAGGGCTTACATTCAGGTGAC AG ACTTCGGTTTCGC 

Human PRKACA mRNA sequence - var6 (public gi: ssssoso) 

CCCAGTGGCCTCTGGGTTGGGTTTCTCTTCCTGCTCCCACCCCACGGCrrCCCrrAGCTCCCCCTGCAGGCA 
GGGTTCTGGGGACAGACAGCCGAACA.GACACGGCAGGTCTCATGAGCCTTCCCAGCCACCGTAGTGCCGG 

20 TGCC CTG AG AACAGGACTGAGTGATGGCTTCCAACTC CAGCGATGTGAAAGAATT CTTAGCC AAAGCCAA 
AGAAGATTTT CTTAAAAAATGGGAAAGTCCCGCTCAG AACACAGC CCACTTGGAT CAGTTTGAACGAATC 
AAGACCCrrCGGCACGGGCTCeTTCGGGCGGGTGATGCTGGTGAAACACAAGGAGACCGGGAACCACTATG 
C C AT G AAG AT C CT CG ACAAAC AG AAGGTGGTGAAACT GAAACAG AT CG AACACAC C CT G AAT G AAAAGCG 
CAT C CT G C AAGC TGT CAACTTT C CGTT C CTCGT CAAACT CG AGTT CT C CTT C AAGG A C AACT CAAACTT A 

25 TACATGGTCATGGAGTACGTGCCCGGCGGGGAGATGTTCTCACACCTACGGCGGATCGGAAGGTTCAGTG 
AGCCCCATGCCCGTTTCTACGCGGCCCAGATCGT 

Human PRKACA Protein sequence - varl (public gi: 189967) 

EFLjAKAKEDFLKKWESPAQKrrAHLiDQPERIKTLGTGS FGRVMLVKHKETGNHYAMKILDKQKVVKLKQI E 
30 HTI^EKRILQAVNFPFLVKLEFSFKDNSNLYMVMEYVPGGEMFSHIiRRIGRPSEPHARFYAAQIVLTFEY 
LH S LDL T YR DLKP EN LL I DQQGY I QVTDFGFAKRVKGRTWTLCGT PEY LAP E 1 1 LS KVG AS PAL P F P 

Human PRKACA Protein sequence - var2 (public gi: 11493951) 

MASNSSDVKEFLAKAKEDFLKKWESPAQNTAHL^ 
35 KWKLKQIEHTI^EKRIIiQAVNFPFLVKLEFSFKDNSNL 

AQ I VLTFE YLHSLDL I YRDLKPENLL IDQQGY I QVTDFGFA 

Human PRKACA Protein sequence - var3 (public gi: 8 568 08i) 

MASNSSDVKEFIjAKAKEDFLKKWESPAQNTAHIJ^QFERIKTLiGTGSFGRVMIjVKH 
40 KWKLKQIEHTLNEKRILQAVNFPFLVKLEFSFKT^^ 
AQXV 

Human PRKACA Protein sequence - var4 (public gi: 8489238) 

^ MASNSSDVKEFLAKAKEDFLKKWESPAQNTA 

Human PRKACA Protein sequence - var5 (public gi: 24 98 08 36) 

MGNAAAAKKGSEQESVKEFLAKAKEDFLKKWESPAQNTAHLDQFERI^ 

AMKILDKQKWKLKQIEHTIilEKRILQAWFPFLVKLEFSFKDNSNLYMVMEYVPGGEMFSHLRRIGRFS 
E PHARF Y AAQ T VLT F E YL»HS LDL I YRDLKPENLL I DQ QG Y I QVTDFG F AKRVKGRTWTIj CGT PEY LAPE I 
50 ILSKGYNKAVDWWALGVLIYEMAAGYPPFFADQPIQIYEKIVSGKVRFPSHFSSDLKDLLRNLLQVDLTK 
RFGNLKNGVNDIKNHKWFATTOWIAIYQRKVEAPFIPKFKGPGDTSNFDDYEEEEIRVSINEKCGKEFSE 
F 



Human PRKACB mRNA sequence - varl (public gi: 23272312) 

55 

AGCGGGTCTGCCCGCCGCCGCCACTGCTGCTGCCACCGCCGTCGCCGCCGCCGCCGCCGCCGCCACTGCT 

gctgccggtgctaaggagttcgctggagccctttcctcagacccggcccggtcttcgcgcccggactcct 
ggcgccagcgctaggcgcactcaccgctctgacgggtgcagacgcgggagttgtcccagactgtggagtg 
gcgggcacggccccagctccccttccgttccctgaccccttcttgccatcgccccagacatggggaacgc 
ggcg ac cgc c aagaaaggcagcgaggtggagag cgtg aaagagtttct agc c aaag ccaaag aag acttt 

60 TTGAAAAAATGGGAGAATCCAACTCAGAATAATGCCGGAerTGAAGATTTTGAAAGGAAAAAAACCCTTG 
GAACAGGTTCATTTGGAAGAGTCATGTTGGTAAAACACAAAGCCACTGAACAGTATTATGCCATGAAGAT 
CTTAGATAAGCAGAAGGTTGTTAAACTGAAGCAAATAGAGCATACTTTGAATGAGAAAAGAATATTACAG 
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GCAGTGAATTTTCCTTTCCTTGTTCGACTGGAGTATGCTTTTAAGGATAATTCTAATTTATACATGGTTA 
TGG AAT AT GT C C CTG GGG G TGAAATG T TTT CAC AT CT AAG AAG AATTG G AAGGTT CAGTG AG C C C C A TG C 
ACG GTT CTTATGCAG C^CAGATAGTG CTAACATTCGAGTACCTCAATTCACTAG ACATCATCT ACAG AG AT 
CTAAAACCTGAAAATCTCTTAATTG AC CAT CAAGGCTAT AT CC AGGTCAC AGACTTTGGGTTTGCCAAAA 
5 GAGTTAAAGGCAGAACTTGGACATTATGTGGAACTCCAGAGTATTTGG CTC CAGAAATAATTCT CAGCAA 
G^GCTACAATAAGGCAGTGGATTGGTGGGCATTAGGAGTGCTAATCTATGAAATGGCAGCTGGCTATCCC 
CCATTCTTTGCAGACCAACCAATTCAGATTTATGAAAAGATTGTTTCTGGAAAGGTCCGATTCCCATCCA 
ACTT CAGTT CAG AT CTC AAGG ACCTT C T A C GG AAC CTGCTG CAGGTGGATT TG AC C AAG AG AT T TGG AAA 
TCTAAAGAATGGTGTCAGTGATATAAAAACTCACAAGTGGTTTGCCACGACAGATTGGATT 
1 0 CAG AGG AAGGTTG AAGCT C C ATTCAT AC CAAAGTTT AGAGG CT CTGG AG AT AC CAG CAACTTTGATGACT 
ATGAAGAAGAAGATATCCGTGTCTCTATAACAGAAAAATGTGCAAAAGAATTTGGTGAATTTTAAAGAGG 
AACAAGATGACATCTGAGCTCACACTCAGTGTTTGCAOTCTGTTGAGAGATAAGGTAGAGCTGAGACCGT 
CCTTGTTGAAGCAGTTACCTAGTTCCTTCATTCCAACGACTGAGTG 

GTGCGCACTCTGCATCCAC CTATGTAACAAGGCACCGCTAAG CAAGCATTGTCTGTGCCATAACACAGT A 
1 5 CTAGACCACTTTCTTACTTCTCTTT» 

TTC ATTGGTTTTCT CTAAACAGTGCTC CATTTTATTTTGTTGGTGTTT CAGATGGG CAGTGTTATGGCTA 
CGTGATATTTGAAGGGAAGGATAAGTGTTGCTTTCAGTAG TTATTGCCAATATTGTTGTTGGT CAATGG C 
TTGAAGATAAACTTTCTAATAATTATTATTTCTTTGAGTAG 

T AATTTTTG AAGAT AGACT GT OTTATCACCAAGGAAATTT ATACAAATTAAGACTAACTTTCTTGG AATT 
20 CACTATTCTGGCAAT AAAT TTTGOTAGACTAAT ACAGTAC AGCTAGAC CCAGAAAT TTGGAAGG CTGTAG 
ATC AGAGGTTCTAGTTCCCTTTC CCTC CTTTTATATCCTC CTCTCCT^ 
TGTAGTGTGACAAACGTGTCTCATTCAGCAGGAAAAACTAATGATATGGATCA^ 
CTTGGTACCAGCATTTCTGTAGGTATTAGAGAAGAGTTCTAAGTTTTCTAAACCTTAA 

GATTTTAGCCAGTATTTTAATAGAACATGATTAATGAAAGTGACAAATTTTAAATTTTCTCTAATAGTCC 
25 TCAT CAT AAAC TTT TT AAA C^AAAATAAGC AAACT AAAAAGAACATTGGT TTAGAT AAAT ACTT AT ACTT 

TGCAAAGTCAAAAATGGCTTGATTTTTGGAAACAATATAGAGGTATTCATATT^ 

CCTAGGGTAGGGGCACTGCTGGAACTTCTGCTTTCATCCCATGCC^ 

TGT AT AAAACT GC CA CAAT T GT ATTTT AATTTTG AGGT AT G ATATT TTCAGAT ATTT CATAAT TT CT AAC 
3 0 CTCTGTTCTCTCAGTAAACAGAATGTCTGATCGATCATGCAGATACAA 
TTTTTTCCTACACTTTTTTTTGCCAACTGACrTAAC 

TGCACATTTAGTTCAGTGTTTGTTGAGAATCCATGGCriTAACCCAC^TT 
TTTTAATTTTCCCCATCTGATTTTATCTCTGCGTTTCAGTGACCT^ 

TT AAACT GGGT T C ATTTT AAT GAT C AAT TTACCTG CAT AT AAAATTT ATTTTT AAT C AAGCTG ATCTT AA 
3 5 TGTATATAATCATTCTATTTGCTTTATTATCGGTGCAGGTA 

ACC^CACCCTGGTGAAACCITTGAAGACATAAAAAAAACCTGTCT 

TGTCTTTCGGTTATCAAGTGTTTCTGCATGGTAATGTCATGTAAATGC^ 

TCTATATTTAAAACGTGCAAGAAAAAAATAAAATACTCTGCTCTAGC^ 

TCGTCATGTTAAT AAATTT AAAACAT CATT CGTATAAAATATTTT AATTT TCTTGT ATTTCATTT AG AC C 
40 CAAGAACATGCTGACCAATGTGTTCTATATGTAAACTACUU^TTCTATGGTA 
GTAAAATTATTTTAATAAGTCATGGGGATGACAATTTGATTATTAOY^^ 

GATTTCTATGAATTCTAAAAAATATTTTTTTCTATGAAATTACTAGTGCCC1AGCTGTAGAATCT 
GGTAGATGATCCCTAGACATACGTTGGTTTTGAGGGCTATTCAGCCATTCCA^ 

GGCCGTGAGCAAGCTTGTCATGAGCAAATATGTCAAGGGAGTCAATCTCTGACCAATCAAGTACACTAAA 
45 TTAGAATATTTTT AAAGT ATG TAACATTCC CAGTTTCAGC CACAATTTAGCCAAGAAT AAGAT AAAAACT 
TG AAT AAG AAG T AAG TAG CAT AAAT CAGTATTTAAC CTAAAATTACATATTTGAAAC AG AAG ATATTAT G 
TT ATGCT C AGTAAAT AATT AAG AGATGG CATTGTGT AAG AAGG AG C C CT AGACTG AAAG T C AAG ACAT C T 
GAATTTCAGGCTGGAAAACTATCAGTATGATCTCAGCOTCAGTTCTCTTGTCTGTAAGATGGAAGAACTG 
GATTAGGCAGTTTGTAAGATTCCTCCTAACTTTCACAGTCGATGACAAGATTGTC T TTTTATCTGATATT 
5 0 TTGAAGGGTATATTG CTTTGAAGTAAGTCTCAATAAGGCAATAT ATTTT AGGGGATCTTT CTTCTTATCT 
CTGACAGTGTTCTTAAAATTATT'TGAATATCATAAGAGCCrrT^ 

ACCGATGCTGAATACCCAGTTGAATCAAACTGTCJ^CCTACCAAAAACGATATTGTC^CTTATGGGTATT 
GCTGTCTCATTCTTGGTATATTCTTGTGTTAACTGCCCATTGGCCT 

55 

CTT G T AAACTGT AA CCT AT CAATGTAAAAT GTT AAGGTGTGTTGTTATTT CATT AATT ACT TCTTTG TTT 
AGAATGGAATTTCC^rATGCACTACTGTAGCTAGGAAATGCTGAAAACAACTGTGTTTTTTAATTAATCAA 
TAACTGCAAAATTAAAGTACCTTCAATGGATAAGACAACAAAAAAAAAAAAAAAA 

Human PRKACB mRNA sequence - var2 (public gi: 4884447) 

60 AAAAAAAATCTTT C C CACTGTTTTTTCTGCTTGTTGTAAG AATCAAATGAAAT AATGT ATGTGAAAG C A C 
CTT GTAAACTGTAACCTAT CAATGT AAAATGTTAAGGTGTGTTGTTATTTCAT TAATT ACT TCTTTG'ITT 
AGAATGGAATTTCCTATGCACTACTGTAGCTAGGAAATGCTGAAAACAACTGTGTTTTTTAATTAATCAA 
TAACTG CAAAATT AAAGTACCTT CAATGGAT AAG AC AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAA 
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Human PRKACB mRNA sequence - var3 (public gi: 21749785) 

GTTATTTTGAGCAATATGTTTTGGAAAGGTTG 

TGCTTGCTTCCTCTTCAGAAATATCTGTGAAAGAGTTTCTAGCCAAAGCCAAAGAAGACTTTTTGAAAAAA 
5 TGGGAGAATCCAACTCAGAATAATGCCGGACTTGAAGATTTTGAAAGGAAAAAAACCCTTGGAACAGGTT 
CATTTGGAAGAGT CATGTTGGT AAAACACAAAGCCACTGAACAGTATTATGCC ATGAAGAT CTT AGATAA 
GCAGAAGGATAATTCTAATTTATACATGGTTATGGAATATGTCCCrrGGGGGTGAAATGTTTTCACATCTA 
AGAAGAATTGGAAGGTTCAGTGAG CCCCATG CACGGTTCTATGCAGCTCAGATAGTGCTAACATTCGAGT 
ACCTCGATTCACTAGACCTCATCTACAGAGATCTAAAACCTGAAAATCTCTTAATTGACCATCAAGGCTA 

1 0 TAT CCAGGTCACAGACTTTGGGTT TG CCAAAAGAGTTAAAGG C AGAACTTGGACATTATGTGGAACTCCA 
GAGTATTTGGCTCCAGAAATAATTCTCAGCAAGGGCTACAATAAGGCAGTGGATTGGTGGGCATTAGGAG 
TGCTAATCTATGAAATGGCAGOTGGCTATCCCCCATTCTTTGCAGACCAACCAATTCAGATTTATGAAAA 
GATTGTTTCTGGAAAG GTCCGATT CCCATC CC ACTTCAGTTCAGATCTCAAGGACCTTCTACGGAACCTG 
CTGCAGGTGGATTTGACCAAGAGATTTGGAAATCTAAAGAATGGTGTCAGTGATATAAAAACTCACAAGT 

1 5 GGTTTGCCACGACAGATTGGATTGCTATTTACCAGAGGAAGGTTGAAGCTCCATTCATACCAAAGTTTAG 
AGGCTCTGGAGATACCAGCAACTTTGATGACTATGAAGAAGAAGATATCCGTGTCTCTATAACAGAAAAA 
TGTGCAAAAGAATTTGGTGAATTTTAAAGAGGAACAAGATGACATCrGAGCTCACACTGAGTGTTTGCAC 
TCTGTTGAGAGATAAGGTAGAGCTGAGACCGTCCTTGTTGAAGCAGTTACCTAGnTTCCrrTCATTCCAACG 
ACTGAGTGAGGTCTTTATTGCCATCATCCCGTGTGCGCACTCTGCATCCACCTATGTAACAAGGCACCGC 

20 TAAGCAAGCATTGTCTGTGC C ATAACACAGTACTAGACCACTTTCTTA CT TCT CrT'l'GGGTTGTCTTTCT 
CCTCTCCTACATCCATTTCTTCCTTTTCCAATTTCATTGGTTTTCTC 

GTTGGTGTTTCAGATGGGCAGTGT T ATGGCT A CGTG ATATTTGAAGGGAAGG ATAAGTGTTGCTTTCAGT 
AGTTATTGCCAATATTGTTGTTGGTCAATGGCTTGAAGATAAAC Tl " i ' L M i ' A ATAATTATTATTT CT ' l"l 'GAG 
TAGCTCAGACTTGGTTTTGCCAAAACTCTTGGTAATTTTTGAAGATAGACTGTCTTATCACCAAGGAAAT 

25 TTATACAAATTAAGACTAACTTTCTTGGAATTCACTATTCTGGCAATAAATTTTGGTAGACTAATACAGT 
ACAGCTAGACCCAGAAATTTGGAAGG CTGTAG ATCAGAGGTTCTAGTT CCCTTTCCCTCCTTTTATATCC 
TCCTCTCCrrTGAGTAATGAAGTGACCAGCCTGTGTAGTGTGACAAACGTGTCTCATTCAGCAGGAAAAAC 
TAATGATATGGAT CAT CACCCAGATTCT CTC ACTTGGTAC CAG CATTT CTGTAGGTATTAGAGAAGAGTT 
CT AAGTTTTCT AAAC C TT AACTGTTCCTT AAG G ATTTT AG C CAGT ATTTT AAT AG AACATGAT TAATG AA 

3 0 AGT G ACAAATTTT AAATTTTCT CT AAT AGT C CT C AT CAT AAACTTTTTAAAGGAAAATAAG CAAACTAAA 
AAGAACATTGGTTTAGAT AAATACTTATACTTTG CAAAGT CAAAAATGGCTTGATTTTTGGAAACAATAT 
AGAGGTATTCATATTTAAATGAGGGi'i'iACATTTGTTTTGTTTTGTAACCGTTAAAAAGAAGTTGTTTCC 
AGCTAATTATTGTGGTGTACTATATTTGTGAGCCTAGGGTAGGGGCACTGCTGCAACTTCTGCTTTCATC 
CCATGCCTTCATCAATGAGGAAAGGGAACAAAGTGTATAAAACTGCGACAATTGTATTTTAA 

3 5 ATGATATTTTCAGATATTTCATAATTTCTAACCTCTGTTCTCTCAGTAAACA 

GCAGAT ACAATGTTGGT ATTTG AG AGGTT AGTTinTTTT C CT ACACTTTTTTTTG C CAACTG ACTT AACAA 
CATTGCTGTCAGGTGGAAATTTCAAGCACTTTTGCACATTTAGTTC^ 

T AA CC CACTTGTTTTG CT ATT TTT TT C TTT G CTTTTAATT TT C C CCAT CTG ATTTT AT CT CTG CGTTT C A 
GTGACCTACCTTAAAACAACACACGAGAAGAGTTAAACTGGGTTCAT^ 
40 ATAAAATTTATTTTTAATCAAGCTGAT CTTAATGT AT ATAATCATTCTATTTGCTTTATTATCGGTGCAG 
GTAGGTCATTAACACCACTTCTTTTCATCTGTACCACACCCTGGTGAA^ 
CCTGTCTGAGATGTTCTTTCTACCAATCTATATGTCTTTCGGTTATCAAGTGTTTCTGC^ 
ATGTAAATG CTGAT ATTG ATTT C ACTGG T C CAT CT AT ATT TAAAACGT G C 

45 Human PRKACB mRNA sequence - var4 (public gi: 16740847) 

GTTCGCTGGAGCCCTTTCCTCAGACCCGGCCCGGTCTITC 

CACTCACCGCTCTGACGGGTGCAGACGCGGGAGTTGTCCCAGACTGTGGAGTGGCGGGCACGGCCCCAGC 
CCCCCTTCCCrTCCCTGACCCCTTCTTGCCATCGCCCCA^ 

GCAGCGAGGTGGAGAGCGTGAAAGAGTTTCTAGCCAAAGCCAAAGAAGACTTTTTGAAAAAATGGGAGAA 
5 0 TCCAACTCAGAATAATGCCGGACTTGAAGATTTTGAAAGGAAAAAAACCCTTC^ 

AGAGTCATGTTGGTAAAACACAAAGCCACTGAACAGT ATT ATGCC ATGAAGAT CTT AG AT AAGCAGAAGG 
TTGTTAAACTGAAGCAAATAGAGCATACTTTGAATGAGAAAAGAATATTACAGCKIAGTGAATTTTCCTTT 
CCTTGTTCGACTGGAGTATGCTTTTAAGGATAATTCTAATTTATACATGGTTATGGAATATGTCCCTGGG 
GGTG AAATGTTTTCACAT CT AAGAAG AATTGGAAGGTT CAGTG AGCCC CATG CACGGTTCTATGCAGCTC 
5 5 AGATAGTGCTAACATTCGAGTACCTCCATTCACTAGACCTCATCTACAGAGATCTAAAACCTGAAAATCT 
CTTAATTG ACC ATCAAGGCT AT AT C CAGGT CACAGA CTTTGGGT TTGC C AAAAGAGTT AAAGGCAGAACT 
TGGACATTATGTGGAACTCCAGAGTATTTGGCTCCAGAAATAATTCTCAGCAAGGGCTACAATAAGGCAG 
TGGATTGGTGGGCATTAGGAGTGCTAATCrrATGAAATGGCAGCTGGCTATCCCCCATTCTTTGCAGACCA 
ACCAATTCAGATT/TATGAAAAGATTGTTTCTGGAAAGAACTTTTGATATGAACAAAACAAAACT^ 
60 AAAATTAACAGACAAGGCAGTGATTTATTTTTGAAGAATTTGAGAAGTGTAGACTCTCAAGAGGACTAAA 
GGTCATATGAAGAATGATGAGAGAACCAAAATACATTAAAATCACAAATGGAAGAAGAATATTTTACTAA 
T ACAAAAACTAAGAATGT AAATGTT AT AAT AATTGTTT CAAAT C ATTTAATTGACAGT AATTATAAAGTT 
CTT GAATCTI^T ACTAT ATT ACTTTT ATTTAT ACTTCATATAAG AAATC CAGTTTT CT AACAAGG AT ACTG 
TC AT AACTT AAATTTAC ATTT ATTAAGAAAAACTG CTTTAGTTAAAATT AATGTGT CTTCATTTTT ATGC A 
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55 



60 



l^GGCCTCGATTTGCCAATCATTCTCTATTGGTTAAAATTTATATTCAGCTGTTTATGAATATATATTCA 
TTTTATATCMACTTTAAAATTTTGTATCT^ 

CTGGGC^CCTTAGAAGAATGACACCAGAAAACCTTATTATATCACAATATTCTGTTTTCCCCTTCATTTA 
TTTAGAAATATGACAGGATATTTGGTGTACTTTTGTTTTTTAACrrAAAAGTACCAGATTCTCTC^CCCCA 
TGTGGGATATAAAATTATCCCCATCTCTTACTCCCTTTAOTCATCTAAAGTAGAAGTCATGAAAGTGGAA 
TTTTTGC C ATT AAAAGG CTTCTGTATT ATGTG AAGTT AG ATT GT ATT AAC CATTT C C C AAT AAATCAT CTG 
TTTCAAAACTCAAATTCAAACTAGAATGTGTCTCTATTCACATT^ 

AGTGGCTAAAAG C CAAATTGGAAACTAACTAGTTTTTTAAATTTTTTAAATTGTG CAAATTATTAAAAAT 
CCAATTTGGTCTTATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 



Human PRKACB mRNA sequence - var5 (public gi: 18 9982) 

CC^GCCCCCCTTCCCTTCCCTGACCCCTTCTTGCCATCGCCCCAGACATGGGGAACGCGGCGACCGCCAA 
GAAAGG C AGCG AGGTGGAGAG CGT GAAAGAGTT T CT AG C C AAAGC C AAAG AAGACTTT TTG AAAAAATGG 
GAGAATCCAACTCAGAATAATGCCGGACTTGAAGATTTTGAAAGGAAAAAAACCCTTGGAACAGGTTCAT 

1 5 TTGGAA^AGTCATGTTGGTAAAACACAAAGCCACTGAACAGTATTATGCCATGAAGATCTTAGATAAGCA 
G AAGGTTGT T AAA CTGAAG C AAAT AG AG C ATACTTTGAATG AG AAAAGAAT ATT AC AGGCAGTG AAT TTT 
CCTTTCCTTGTTCGACrcGAGTATGCTTTTAAGGATAATTCTAATTTATACATGGTTATGGAATATGTCC 
CTGGGGGTGAAATGTTTTCACATCTAAGAAGAATTGGAAGGl-rCAGTGAGCCCCATGCACGGT^ 
AGCTCAGATAGTGCTAACATTCGAGTACCTCCATTCACTAGACCTCATCTACAGAGATCTAAAACCTGAA 

20 AATCTCTTAATTGACCATCAAGGCTATATCCAGGTCAra 

GAACTTGGACATTATGTGGAACTCCAGAGTATTTGGCTC CAGAAAT AATTCTCAG CAAGGGCTACAATAA 
GGCAGTGGATTGGTGGGCATTAGGAGTG CT AATCTATGAAAT GGC AGCTGGCTATCCCCCATTCTTTGCA 
GACCAACCAATTCAGATTTATGAAAAGATTGTTTCTGGA 

ATCTCAAGGACCTTCTACGGAACCTGCTrGCAGGTGGATTTGACCAAGAGATTTGGAAATCTAAAGAATGG 
25 TGTCAGTGATATAAAAACTCACAAGTGGTTTGCCACGACAGATTGGATTGCTATTTACCAGAGGAAGGTT 
G AAG CT C CATTCATACCAAAGTTT AG AGG CT CTGGAG AT AC C AG C AA CTTTGAT GACT ATG AAG AAG AAG 
AT AT C CGTGT CT CTTATAACAG AAAAAT GTGCAAAAG AAT TT GGTG AATTTT AAAG AGGAACAAG ATGACA 
TCTGAGCTC ACACTCAGTGTTTGCACT CTGTTGAGAGAT AAGGT AGAG CTGAGACCGTCCTTGTTGAAGC 
AGTTACCTTAGTTCCrrTCATTCCAACGACTGAGTGAGGTCTTTATTGCO 
3 0 ATC CACCTTATGTAACAAGGCACCGCTAAGCAAGC^T CACTTTC 
TTACTTCTCTTTGGGTTGTCTTTCTCCTCTCCTAC^ 

CTTAAACAGTGCTrCCATTTTATTTTGTTGGTGTTTCAGATGGG C AG TGTTATGGCTACGTGATATTTGAAG 
GGAAGGATAAGTGTTGCTTTCAGTAGTTATTGCCAATATTGTTGT^^ 

TCT AATAAT TATT ATTT CTTTGAGTAGCTC AG ACTTGGT TTT GCC AAAACTT CTTGGT AATTTTTGAAG AT 
3 5 AGACTGT CTTATC AC CAAGG AAATT TATACAAATTAAG ACT AAC TTT CTTGG AATT C ACT ATT CTGG CAA 
TAAATTTTGGTAGACTAATACAGTACAGCTAGACCCAGAAATT^ 
TTC CCTTTC CCTCCrrTTTATATCCr CCTCTTCCTTGA 

CGT GTCT C ATTC AG C AGGAAAAACT AATGATATGG AT CAT C A C C C AG ATT CT CT C ACTTGGT AC C AG CAT 
TTCTGT AGGTATTAGAGAAG AGTT C TAAGTTTT CT AAA C CTT AACT GTT C CTT AAGG ATTTT AGCCAGTA 
40 TTTTAATAGAAQATGATTAATGAAAGTGACAAATTTTA 

TTAAAGGAAAATAAGCAAACTAAAAAGAACATTGGTTTAGATAAATACTTATACTTT 

TGG CTTG ATTTTTGG AAACAAT ATAG AGGT ATTC!AT ATTTAAAT G AGGGTTT ACAT TTGT TTTGTTTTGT 
AAC CGTTAAAAAGAAGTTGTTT CCAGC!TAATTATTGTGGTGTACT ATATTTG TGAGCCTAGGGTAGGGGC 
ACTGC^GCAACIT , <^GCTTTCATC C CATGCCTCATCAATG AGGAAAGGG AACAAAGTGTATAAAACCTGC 
45 CACAATTGT ATTTT AATTTTGAGGTATGATATT TTCAG AT ATTT CATAATTTCTAAC CTCTGTTCTCTCA 

GTAAACAGAATGTCTGATCGATCATGCAGATACAATGTTGGTATTTGAGAGGTTAGTTTTTTTCCTACAC 
TTTTTTTTGCCAACTGACTTAACAACATTGCTGTCAGGTGGAAAT^ 
CAGTGTTTGTTGAGAATCCATGGCTTAACCCACTTGTTTTGCTATTTTTTTC^ 
CATCTTGATTTTATCTCTGCGTTTCAGTGACCTACCrrTAAAACAACACACGAGA^ 
5 0 ATTTTAATGATCAATTTACCTGCATATAAAATTTATTTTTAATC^ 

TCTATTTGCTTTATTATCGGTGCAGGTAGGTCATTAACACCACTTCTTTTCATCTGTACCACACCCTGGT 
GAAACCTTTGAAGACATAAAAAAAACCTGTCTGAGATGTTCTTTCTACCAATCTATATGTCTTTCGGTTA 

TCAAGTGTTTCTGC^TGGTAATGTCATGTAAATGCrrGATATTGATTTCACTGGTCCATCTATATTTAAAA 
CGTGC 



Human PRKACB Protein sequence - varl (public gi: is 9983) 

MGN AATAKKGS EVE S VKEFLAKAKEDFLKKWEN PTQNNAGL EDFERKKTLGTGS FGRVMLVKHKATEQYY 
AMKILDKQKVVKLKQIEHTLNEKRILQAVNFPFLVRL 

EPHARFYAAQIVLTFEYLHSLDLIYRDLKPENLLIDHQGYIQVTDFGFAKRVKGRTWTLCGTPEYLAPEI 

ILSKGYNKAVDWWALGVLIYEMAAGYPPFFATXJPIQIYEKIVSGKVRFPSHFSSDLiODLLRNLLQ 

RFGNLKNGVSDIKTHKWFATTDWIAIYQRKVEAPFIPKFRGSGDTSNFDDYEEEDIRVSITEKCAKEFGE 
F 



Human PRKACB Protein sequence - var2 (public gi: 1674 0 84 8) 
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MGNAATAKKGSEVESVKEFIAKAKEDFIjKKWENPTQNNAGLiKDFERKKTLtGTGSFGRVMLV 
AMKILDKQKWK^KQIEHTI^EKRILQAVNFPFLVRLEYAFKDNSNLYMVMEYVPGGEMFS 
EPHARFYAAQIVLTFEYLHSIJDLIYRDLKPENLLIDHQGYIQVTDFGFAKRVKGRTWTLCGTPEYLAPEI 
^ ILSKGYNKAVDWWALGVLIYEMAAGYPPFFADQPIQIYEKIVSGKNF 

Human PRKACB Protein sequence - var3 (public gi: 23272313) 

MGNAATAKKGSE^ESVKEFLAKAKEDFL^^ 

AMK I LDKQKVVKIjKQIEHTLNEKRILQAVNFPFLVRLEYAF 

epharfyaaqivltfeylnsldiiyrdlkpenllidhqgyiqvtdfgfakrvkgrtwtlcgtpeylapei 
10 ilskgynkjvtowwalgvliyemaagyppff^ 

rfgnlkngvsdikthkwfattdwiaiyqrkveapfipkfrgsgdtsnfddyeeedirvsitekcakefge 

F 

Example 11, Inhibition of PKA Kinase Activity Attenuates HIV-1 Virus Maturation 
15 HeLa SS6 cells were transfected with pNLenv-l PTAP or pNLenv- 1 ata a (L- 

domain mutant). Eighteen hours post-transfection, cells were transferred to 20 °C for 
two hours in order to inhibit transport of viral particles from the trans-Golgi (TGN) 
to the plasma membrane (PM). Subsequently, the PKA inhibitor, H89 (50 pM) 
(Biosource, Cat. No. PHZ1114) or DMSO were added to the cells and dishes were 
20 transferred to 37 °C to initiate transport from the TGN to the PM. Reverse 
transcriptase activity was assayed from virus-like-particles collected from cell 
supernatant twenty minutes later. H89 treatment resulted in complete inhibition of 
RT activity (Figure 28: compare H89-treated to pNLenv-l ATAA transfected cells to 
pNLenv-l PTAP ; left and right panels with middle panel, respectively). Thus, 
25 demonstrating that PKA activity is required for HIV-1 viral maturation. 



Materials and methods: 

Cell culture and transfections 

Hela SS6 cells were grown in Dulbecco's modified Eagle's medium 
30 (DMEM) supplemented with 10% heat-inactivated fetal calf serum and 100 units/ml 
penicillin and 100 |ag/ml streptomycin. For transfections, HeLa SS6 cells were 
grown to 100% confluency in DMEM containing 10% FCS without antibiotics. 
Cells were then transfected with HTV-l NLenvl (2 jag per 6-well) (Schubert et al., 
1995). 

35 Assays for virus release by RT activity 

Virus and virus-like particle (VLP) release by reverse transcriptase activity 

was determined one day after transfection with the pro-viral DNA as previouslv 
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described ( Adachi et ah, 1 986; Fukumori et al., 2000; Lenardo et al, 2 002). The 
culture medium of virus-expressing cells was collected and centrifuged at 500 x g 
for 10 minutes. The resulting supernatant was passed through a 0.45 jim-pore filter 
and the filtrate was centrifuged at 14,000 x g for 2 hours at 4 °C. The resulting 
5 supernatant was removed and the viral-pellet was re-suspended in cell solubilization 
buffer (50 mM Tris-HCl, pH7.8, 80 mM potassium chloride, 0.75 mM EDTA and 
0.5% Triton X-100, 2.5 mM DTT and protease inhibitors). The corresponding cells 
were washed three times with phosphate-buffered saline (PBS) and then solubilized 
by incubation on ice for 15 minutes in cell solubilization buffer. The cell detergent 

10 extract was then centrifuged for 15 minutes at 14,000 x g at 4 °C. The sample of the 
cleared extract (normally 1:10 of the initial sample) were resolved on a 12.5% SDS- 
polyacrylamide gel, then transferred onto nitrocellulose paper and subjected to 
immunoblot analysis with rabbit anti-CA antibodies. The CA was detected after 
incubation with a secondary anti-rabbit antibody conjugated to Cy5 (Jackson 

15 Laboratories, West Grove, Pennsylvania) and detected by fluorescence imaging 
(Typhoon instrument, Molecular D ynamics, Sunnyvale, California). The Pr55 and 
CA were then quantified by densitometry. A colorimetric reverse transcriptase assay 
(Roche Diagnostics GmbH, Mannenheim, Germany) w as used to measure reverse 
transcriptase activity in VLP extracts. RT activity was normalized to amount of Pr55 

20 and CA produced in the cells. 

Example 1 2. hPOSH is phosphorvlated bv Protein kinase A (PKA) 

PKA is a cAMP-dependent kinase. The holoenzyme is a tetramer of two 
catalytic subunits (cPKA) bound to two regulatory subunits PRKR1 or PRKR2. 

25 Activation proceeds by the cooperative binding of two cAMP molecules to each R 
subunit, which causes the dissociation of each active C subunit from the R subunit 
dimer. The consensus sequence for phosphorylation by the C subunit is, stringently, 
K/R-R-X-S/TY and less stringently, R-X-X-S/TY, where Y tends to be a 
hydrophobic residue. The intracellular localization o f PKA i s controlled thorough 

30 association w ith A -kinase-anchoring p roteins ( AKAPs). T he r egulatory s ubunit o f 
protein kinase A (PRKR1A) was identified as a POSH interactor by yeast-two- 
hybrid screen, thereby implicating POSH as an AKAP. 
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Protein kinase A was demonstrated to be required for the budding of 
transport vesicles from the TGN (Muniz et al., 1997, Proc Natl Acad Sci USA, 
94:14461-6). Furthermore, it was demonstrated that an inhibitor of PICA, H89, is 
able to block HIV-1 release from cells (Cartier et aL, 2003, J Biol Chem., 
5 278:35211-9). Since POSH is localized at the TGN and is implicated as an AKAP, 
PRT3 may regulate PKA-mediated budding at the TGN of vesicles and HIV-1 . 

Applicants have demonstrated that POSH is phosphorylated by PKA (Figure 
29). Several putative PKA phosphorylation sites are found within hPOSH coding 
sequence (Figure 30). Phosphorylation of gravin, an AKAP, by PKA modulates its 

10 binding to the b2-adrenergic receptor. This serves to regulate the mobilization of 
gravin and PKA to the cell membrane and regulation of b2-AR activity by PKA. 
Two putative PKA sites are located in the putative-rac-binding region in POSH. 
Toward this end, POSH was subjected to in-vitro phosphorylation and binding to the 
small GTPasc Racl (Figure 31). Indeed, only unphosphorylated POSH was able to 

15 bind activated, GTP-loaded, Racl, demonstrating that phosphorylation regulates the 
binding of POSH to small GTPases, such as Racl. In the ycast-two hybrid screen a 
Racl-releated protein, C hp, w as i dentified as a POSH-interactor. GTPases o ft his 
sort family further include TCL, TC10, Cdc42, Wrch-1, Rac2, Rac3 or RhoG 
(Aspenstrom et al., 2003, Biochem J., 377(Pt 2):327-37). Small GTPases of this sort 

20 are involved in protein trafficking in the secretory system, including the trafficking 
of viral proteins, such as those of HIV. 

Materials and methods 

PKA-dependent phosphorylation of hPOSH. 

Bacterially expressed recombinant maltose-binding-protein (MBP)-hPOSH 
25 (3 ng) or GST-c-Cbl were incubated at 30oC for 30 minutes with (*) or without 10 
ng PKA catalytic subunit (PKAc) in a buffer containing 40 mM Tris-HCl pH 7.4, 10 
mM MgCl 2 , 4 mM ATP, 0.1 mg/ml BSA, 1 ^M cAMP, 23 mM K3PO4, 7 nM DTT, 
and PKA peptide protection solution (Promega, Cat.No. V5340). The reaction was 
stopped by the addition of SDS-sample buffer, and boiling for 3 minutes. Samples 
30 were separated by SDS-PAGE on a 10% gel, and transferred to nitrocellulose and 
irnmunoblotted as detailed in the figure. 
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Binding of Racl to hPOSH 

Bacterially expressed hPOSH (1 ug) or GST (1 ug) were phosphorylated as 
above. The reaction was terminated by the addition 0.5 ml of ice-cold 200 mM Tris- 
HC1 pH 7.4, 5 mM EDTA. hPOSH and GST were then immobilized on NiNTA or 
5 reduced glutathione beads, respectively, by gentle mixing for 30 minutes. The 
immobilized proteins were washed three times with wash buffer (50 mM Tris-HCl 
pH 7.4, 100 mM NaCl, 5 mM MgC12, 0.1 mM DTT). Recombinant Rac-1 (0.2 ug) 
(Sigma catalog # R3012) was incubated with or without 0.3 mM GTPyS (Sigma Cat. 
No. G8638) on ice for 15 minutes. The GTP/mock-loaded Rac-1 was then added to 
10 wash buffer (25 (il, final) and incubated for 30 minutes at 30 °C. The beads were 
then washed three times with wash buffer containing 0.1% Tween 20. Sample buffer 
was added to the bead pellet and boiled for 3 minutes. Immobilized and associating 
proteins were then separated by SDS-PAGE on a 12% gel and immunobloted with 
anti-Rac-1 (Santa Cruz Biotechnology, Cat. No. sc-217). Input is 0.25 ng of Rac-1. 

15 

INCORPORATION BY REFERENCE 

All publications and patents mentioned herein are hereby incorporated by 
reference in their entirety as if each individual publication or patent was specifically 
and individually indicated to be incorporated by reference. In case of conflict, the 
20 present application, including any definitions herein, will control. 



EQUIVALENTS 

While specific embodiments of the subject applications have been discussed, 
the above specification is illustrative and not restrictive. Many variations of the 
25 applications will become apparent to those skilled in the art upon review of this 
specification and the claims below. T he full scope o f the applications should be 
determined by reference to the claims, along with their full scope of equivalents, and 
the specification, along with such variations. 

30 
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What Is Claimed: 

1. An isolated, purified or recombinant complex comprising a POSH 
polypeptide and a POSH-associated kinase (POSH-AK) or a subunit of a 
POSH-AK. 

2. The complex of claim 1, wherein the POSH-AK comprises a polypeptide 
selected from the group consisting of: JNK1, JNK2, MLK1, MLK2, MLK3, 
MKK4, and MKK7, and wherein the POSH polypeptide is a human POSH 
polypeptide. 

3. The complex of claim 1, wherein the POSH-AK comprises a PKA subunit 
polypeptide selected from the group consisting of: PRKAR1 A, PRKACA, 
and PRKACB. 



10 



15 4. A method for identifying an agent that modulates an activity of a POSH 

polypeptide or POSH-AK, the method comprising identifying an agent that 
disrupts a complex of any of claims 1-3, wherein an agent that disrupts a 
complex of any of claims 1-3 is an agent that modulates an activity of the 
POSH polypeptide or the POSH-AK. 

20 

5. A method of identifying an antiviral agent, comprising: 

(a) identifying a test agent that disrupts a complex comprising a POSH 
polypeptide and a POSH-AK or a subunit of a POSH-AK; and 

(b) evaluating the effect of the test agent on a function of a virus, 

25 wherein an agent that inhibits a pro-infective or pro-replicative function of a 

virus is an antiviral agent. 

6. The method of claim 5, wherein the virus is an envelope virus. 

30 7. The method of claim 5, wherein the virus is a Human Immunodeficiency 
Virus. 
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8. The method of claim 5, wherein the virus is a West Nile Virus. 

9. The method of claim 5, wherein evaluating the effect of the test agent on a 
function of the virus comprises evaluating the effect of the test agent on the 

5 budding or release of the virus or a vims-like particle. 

10. A method of identifying an anti-apoptotic agent, comprising: 

(a) identifying a test agent that disrupts a complex comprising a POSH 
polypeptide and a POSH-AK or a subunit of a POSH-AK; and 

10 (b) evaluating the effect of the test agent on apoptosis of a cell, 

wherein an agent that decreases apoptosis of the cell is an anti-apoptotic 
agent. 

11. A method of identifying an anti-cancer agent, comprising: 

1 5 (a) identifying a test agent that disrupts a complex comprising a POSH 

polypeptide and a POSH-AK or a subunit of a POSH-AK; and 

(b) evaluating the effect of the test agent on proliferation or survival of a 
cancer cell, 

wherein an agent that decreases proliferation or survival of a cancer cell is an 
20 anti-cancer cell. 

12. The method of claim 1 1, wherein the cancer cell is a cell derived from a 
POSH-associated cancer. 

25 13. A method of identifying an agent that inhibits trafficking of a protein through 
the secretory pathway, comprising: 

(a) identifying a test agent that disrupts a complex comprising a POSH 
polypeptide and a POSH-AK or a subunit of a POSH-AK; and 

(b) evaluating the effect of the test agent on the trafficking of a protein 
30 through the secretory pathway. 
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14. The method of claim 13, wherein (b) comprises evaluating the effect of the 
test agent on the trafficking of a myristoylated protein through the secretory 
pathway. 

5 15. The method of claim 13, wherein (b) comprises evaluating the effect of the 
test agent on the trafficking of a viral protein through the secretory pathway. 

16. A method of treating a viral infection in a subject in need thereof, comprising 
administering an agent that inhibits a POSH-AK in an amount sufficient to 

10 inhibit the viral infection. 

17. The method of claim 16, wherein the agent is selected from the group 
consisting of: 

i) an agent that inhibits a kinase activity of the POSH-AK; and 
15 ii) an agent that inhibits expression of a POSH-AK. 

18. The method of claim 16, wherein the POSH-AK comprises a polypeptide 
selected from the group consisting of: PRKAR1 A, PRKACA, and PRKACB. 

20 19. The method claim 1 8, wherein the subject is infected with an envelope virus. 

20. The method of claim 1 9, wherein the envelope virus is an HIV. 

21 . The method of claim 1 9, wherein the envelope virus is a WNV. 

25 

22. The method of claim 1 7, wherein the agent is an siRNA construct comprising 
a nucleic acid sequence that hybridizes to an mRNA encoding the POSH-AK 
or a subunit of the POSH-AK. 

30 23. The method of claim 1 7, wherein the agent is a small molecule inhibitor of 
the POSH-AK kinase activity. 
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24. The method of claim 17, wherein the small molecule inhibitor is selected 
from among the following categories: adenosine cyclic 
monophosphorothioate, isoquinolinesulfonamide, piperazine, piceatannol, 
and ellagic acid. 

5 

25. Use of a protein kinase A inhibitor for the manufacture of a medicament for 
treatment of a viral infection. 



26. A packaged pharmaceutical for use in treating a viral infection, comprising: 
10 (a) a pharmaceutical composition comprising an inhibitor of a POSH-AK 

and a pharmaceutical^ acceptable carrier; and 
(b) instructions for use. 

27. The packaged pharmaceutical of claim 26, wherein the viral infection is 
1 5 caused by an envelope virus. 

28. A method for identifying an antiviral agent comprising: 

(a) identifying a test agent that inhibits an activity of or expression of a 
POSH-AK or a subunit of the POSH-AK; and 
20 (b) evaluating an effect of the test agent on a function of a virus. 

29. A method of evaluating an antiviral agent comprising: 

(a) providing a test agent that inhibits an activity of or expression of a 
POSH-AK or a subunit of the POSH-AK; and 
25 (b) evaluating an effect of the test agent on a function of a virus. 

30. The method of claim 28 or 29, wherein the vims is an envelope virus. 

31. The method of claim 28 or 29, wherein the virus is a Human 
30 Immunodeficiency Virus. 

32. The method of claim 28 or 29, wherein the virus is a West Nile Virus. 
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33. The method of claim 28 or 29, wherein evaluating the effect of the test agent 
on a function of the virus comprises evaluating the effect of the test agent on 
the budding or release of the virus or a virus-like particle. 

34. The method of claim 28 or 29, wherein the POSH-AK is PKA. 



35. The method of claim 28 or 29, wherein the test agent is selected from among: 
an antisense nucleic acid, an siRNA construct, a small molecule, an antibody 

1 0 and a polypepti de. 

36. A method of identifying an agent that modulates a POSH function, 
comprising: 

a) identifying an agent that modulates a POSH-AK; and 
1 5 b) testing the effect of the agent on a POSH function. 

37. A method of evaluating an agent that modulates a POSH function, 
comprising: 

a) providing an agent that modulates a POSH-AK; and 
20 b) testing the effect of the agent on a POSH function. 

38. The method of claim 36 or 37, wherein the POSH-AK comprises a 
polypeptide selected from the group consisting of: JNK1, JNK2, MLK1, 
MLK2, MLK3, MKK4, and MKK7. 

25 

39. The method of claim 36 or 37, wherein the POSH-AK comprises a 
polypeptide selected from the group consisting of: PRKAR1 A, PRKACA, 
and PRKACB. 

30 40. The method of claim 36 or 37, wherein testing the effect of the agent on a 

POSH function comprises testing the effect of the agent on the production of 
viral particles or virus like particles in a cell infected with an envelope virus. 
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41 . The method of claim 36 or 37, wherein testing the effect of the agent on a 
POSH function comprises testing the effect of the agent on POSH-mediated 
phosphorylation of a JNK pathway kinase. 

5 

42. The method of claim 36 or 37, wherein testing the effect of the agent on a 
POSH function comprises testing the effect of the agent on a POSH 
enzymatic activity. 

0 43. The method of claim 42, wherein the POSH enzymatic activity is ubiquitin 
ligase activity. 



44. The method of claim 36 or 37, wherein testing the effect of the agent on a 

POSH function comprises testing the effect of the agent on POSH-mediated 
5 localization or secretion of a protein. 



45. The method of claim 36 or 37, wherein testing the effect of the agent on a 
POSH function comprises testing the effect of the agent on the interaction of 
POSH with a POSH associated protein. 

20 

46. The method of claim 45, wherein the POSH associated protein is a small 
GTPase. 



47. The method of claim 46, wherein the small GTPase is Rac. 

25 

48. The method of claim 36 or 37, wherein the test agent is selected from among: 
an antisense nucleic acid, an siRNA construct, a small molecule, an antibody 
and a polypeptide. 



30 49. A method of identifying an agent that modulates a PKA function, 
comprising: 

a) identifying an agent that modulates POSH; and 
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b) testing the effect of the agent on a PKA function. 

50. A method of evaluating an agent that modulates a PKA function, comprising: 

a) providing an agent that modulates POSH; and 
5 b) testing the effect of the agent on a PKA function. 

51 . The method of claim 49 or 50, wherein testing the effect of the agent on a 
PKA function comprises contacting a cell with the agent and measuring the 
effect of the agent on phosphorylation of a PKA substrate in the cell. 

10 

52. A method of identifying an agent that modulates a JNK pathway function, 
comprising: 

a) identifying an agent that modulates POSH; and 

b) testing the effect of the agent on a JNK pathway function. 

15 

53. A method of evaluating an agent that modulates a JNK pathway function, 
comprising: 

a) providing an agent that modulates POSH; and 

b) testing the effect of the agent on a JNK pathway function. 

20 

54. The method of claim 52 or 53, wherein testing the effect of the agent on a 
JNK pathway function comprises contacting a cell with the agent and 
measuring the effect of the agent on phosphorylation of a JNK pathway 
protein. 

25 

55. The method of claim 52 or 53, wherein testing the effect of the agent on a 
JNK pathway function comprises contacting a cell with the agent and 
measuring the effect of the agent on JNK-mediated apoptosis. 

30 56. A method of inhibiting the Jun kinase (JNK) pathway in a human cell, 
comprising contacting the cell with an inhibitor of human POSH. 
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57. The method of claim 56, wherein inhibiting the JNK pathway comprises 
inhibiting substrate phosphorylation by a kinase selected from among the 
following: JNK1, JNK2, MLK1, MLK2, MLK3, MKK4, and MKK7. 

5 58. A method of inhibiting an activity of a PKA in a cell, comprising contacting 
the cell with an inhibitor of POSH. 



10 



15 



59. The method of claim 58, wherein the PKA comprises a polypeptide selected 
from the group consisting of: PRKAR1 A, PRKACA, and PRKACB. 

60. The method of claim 58, wherein the inhibitor of POSH is selected from 
among the following: 

i) an agent that inhibits a POSH activity; and 
ii) an agent that inhibits expression of a POSH. 

61. A method of treating a JNK pathway-associated disease in a subject, 
comprising administering a POSH inhibitor to a subject in need thereof. 

62. A method of treating a PKA associated disease in a subject, comprising 
20 administering a POSH inhibitor to a subject in need thereof 

63. A method of identifying an anti- viral agent, comprising: 

a) forming a mixture comprising a POSH polypeptide, a PKA and a test 
agent; and 

25 b) detecting phosphorylation of the POSH polypeptide, 

wherein an agent that inhibits phosphorylation of POSH the test agent is an 
anti-viral agent. 



64. A method of identifying a modulator of POSH, comprising: 
30 a) forming a mixture comprising a POSH polypeptide, a PKA and a test 

agent; and 

b) detecting phosphorylation of the POSH polypeptide, 
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wherein an agent that alters phosphorylation of POSH the test agent is an 
agent that modulates POSH. 

65. A method of enhancing interaction of a POSH polypeptide with a second 
5 protein in a cell, comprising contacting the cell with an agent that inhibits 

phosphorylation of POSH by PKA. 

66. The method of claim 65, wherein the second protein is selected from the 
group consisting of: Rac, Chp, TCL, TC10, Cdc42, Wrch-1, Rac2, Rac3, and 

10 RhoG. 

67. A method of inhibiting ubiquitination activity of a POSH polypeptide in a 
cell, comprising contacting the cell with an agent that inhibits 
phosphorylation of the POSH by PKA. 

15 

68. A method of treating or preventing a POSH associated cancer in a subject 
comprising administering an agent that inhibits a POSH-AK to a subject in 
need thereof, wherein said agent treats or prevents cancer. 

20 69. The method of claim 68, wherein the POSH-AK comprises a polypeptide 

selected from the group consisting of: JNK1, JNK2, MLK1, MLK2, MLK3, 
MKK4, and MKK7. 

70. The method of claim 68, wherein the POSH-AK comprises a polypeptide 

25 selected from the group consisting of: PRKAR1 A, PRKACA, and PRKACB. 

71 . The method of claim 68, wherein the cancer is associated with increased 
POSH expression. 

30 72. An isolated, purified or recombinant phosphorylated POSH polypeptide. 
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73. The POSH polypeptide of claim 72, wherein the polypeptide is 
phosphorylated at a consensus PKA phosphorylation site. 

74. The POSH polypeptide of claim 72, wherein the polypeptide is 

5 phosphorylated at a site of sequence K/R-R-X-S/T-Hydrophobic. 

75. The POSH polypeptide of claim 72, wherein the polypeptide is 
phosphorylated at a site of sequence R-X-X-S/T-Hydrophobic. 

10 76. A method for preparing a phosphorylated POSH polypeptide, the method 
comprising contacting the POSH polypeptide with a PKA under conditions 
in which the PKA is active. 

77. A portion of a POSH polypeptide consisting essentially of 15 to 100 

15 consecutive amino acids of a mammalian POSH polypeptide which include a 

consensus PKA phosphorylation site. 

78. The POSH polypeptide of claim 77, comprising at least one modified acid 
amino acid or peptidomimetic moiety. 



20 



79. The POSH polypeptide of claim 77, wherein said polypeptide inhibits PKA 
phosphorylation of POSH. 
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POSH AND ASSOCIATED KINASES 



ABSTRACT 

5 The application provides novel complexes of POSH polypeptides and POSH 

asoociated kinases. The application also provides methods and compositions for 
treating a POSH-associated diseases such as viral disorders and cancer. 
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Figure 1: Human POSH Coding Sequence (SEQ ID NO:l) (part 1) 

ATGGATGAATCAGCCTTGTTGGATCTTTTGGAGTGTCCGGTGTGTCTAGAGCGCCTTGATGCTTCTGCGA 
AGGTC TTGC C TTGCC AGC AT ACGT TTTGC AAGCGATGTTTGC TGGGGATCGTAGGTTCTCGAAATGAACT 
C AGATG TCCCGAGTGC AGGAC TC TTGT TGGCTC GGGTGTCGAGGAGCTTCCC AGTAAC ATCTTGCTGGTC 
AGAC TTC TGGATGGC ATC AAAC AG AGGCCTTGGAAAC C TGGTCCTGGTGGGGG AAG TGGGACC AACTGC A 
CAAATGCATTAAGGTCTCAGAGCAGCACTGTGGCTAATTGTAGCTCAAAAGATCTGCAGAGCTCCCAGGG 
CGG AC AGC AGCCTCGGGTGC AATC C TGGAGC CCCCC AGTGAGGGGTATACCTC AGTTAC C ATGTGCCAAA 
GCGT TATACAACTATGAAGG AAAAG AGCC TGGAGACC TTAAATTC AGC AAAGGCGAC ATC ATC ATTTTGC 
GAAGACAAGTGGATGAAAATTGGTACCATGGGGAAGTCAATGGAATCCATGGCTTTTTCCCCACCAACTT 
TGTGCAGATTATTAAACCGTTACCTCAGCCCCCACCTCAGTGCAAAGCACTTTATGACTTTGAAGTGAAA 
GACAAGGAAGCAGACAAAGATTGCCTT^CATTTGCAAAGGATGATGTTCTGACTGTGATCCGAAGAGTGG 
ATGAAAACTGGGCTGAAGGAATGCTGGCAGACAAAATAGGAATATTTCCAATTTCATATGTTGAGTTTAA 
CTCGGCTGCTAAGCAGCTGATAGAATGGGATAAGCCTCCTGTGCCAGGAGTTGATGCTGGAGAATGTTCC 
TCGG C AGC AGCCC AGAGC AGC ACTGCCCC AAAGCAC TCCGAC ACC AAGAAG AAC AC C AAAAAGCGGC AC T 
CC TTCAC TTCCCTCACTATGGCCAACAAGTCCTCCCAGGCATCCCAGAACCGCCAC TCC ATGGAGATCAG 
CCCCCCTGTCCTCATCAGCTCCAGCAACCCCACTGC TGCTGCACGGATCAGCGAGC TGTCTGGGC TCTCC 
TGCAGTGCCCCTTCTCAGGTTCATATAAGTACCACCGGGTTAATTGTGACCCCGCCCCCAAGCAGCCCAG 
TGACAACTGGCCCCTCGTTTACTTTCCCATCAGATGTTCCCTACCAAGCTGCCCTTGGAACTTTGAATCC 
TCCTCTTCCACCACCCCCTCTCCTGGCTGCCACTGTCCTTGCCTCCACACCACCAGGCGCCACCGCCGCC 
GCTGCTGC TGC TGG AATGGGAC CGAGGCC C ATGGC AGGATCC AC TGACC AGATTGC AC ATTTACGGCC GC 
AGACTCGCCC CAG TGTGTATGTTGCTATATATC CAT AC ACTCCTCGGAAAGAGGATG AACTAG AG C TGAG 
AAAAGGGGAGATGTTTTTAGTGTTTGAGCGCTGCCAGGATGGCTGGTTCAAAGGGACATCCATGCATACC 
AGCAAGATAGGGGTTTTCCCTGGCAATTATGTGGCACCAGTCACAAGGGCGGTGACAAATGCTTCCCAAG 
CTAAAGTCCCTATGTCTACAGCTGGCCAGACAAGTCGGGGAGTGACCATGGTCAGTCCTTCCACGGCAGG 
AGGGCCTGCCC AG AAG C TCCAGGGAAATGGCGTGGC TGGGAGTCCC AGTGTTGTC CCCGC AGC TGTGGTA 
TCAGCAGCTCACATCCAGACAAGTCCTCAGGCTAAGGTCTTGTTGCACATGACGGGGCAAATGACAGTCA 
ACC AGGCCCGC AATGC TGTGAGGAC AGTTGC AGCGC AC AACC AGGAACGCCCCACGGC AGC AGTGAC ACC 
C ATCC AGGTAC AGAATGCCGCC GGCC TC AGCCCTGC ATC TGTGGGCC TGTCCC ATCAC TCGC TGGCC TCC 
CC AC AACC TGCGC CTC TGATGCC AGGCTC AGCCACGC AC ACTGC TGCC ATCAGTATC AGTCGAGC C AGTG 
CCCC TCTGGCCTGTGC AGC AGCTGCTCCAC TGACTTCCC C AAGC ATC ACC AGTGCTTCTC TGGAGGCTGA 
GCC C AGTGGCCGGATAGTGACCGTTC TCCC TGGACTCCC C ACATCTCCTGAC AGTGCTTCATCAGC TTGT 

CTGGCGCCTCCACTAAACGGAAGCCCCGCGTGTCTCCTCCAGCATCGCCCACCCTAGAAGTGGAGCTGGG 
C AGTGCAGAGCTTCCTC TCCAGGG AGCGGTGGGGC CCGAACTGCC ACC AGGAGGTGGCC ATGGC AGGGC A 
GGCTCCTGCCCTGTGGACGGGGACGGACCGGTCACGACTGCAGTGGCAGGAGCAGCCCTGGCCCAGGATG 
CTTTTCATAGGAAGGCAAGTTCCCTGGACTCCGCAGTTCCCATCGCTCCACCTCCTCGCCAGGCCTGTTC 
CTCCCTGGGTCCTGTCTTGAATGAGTCTAGACCTGTCGTTTGTGAAAGGCACAGGGTGGTGGTTTCCTAT 
C C TC C TC AG AGTG AGGC AG AAC TTG AAC TT AAAG AAGG AG ATAT TGTG TT TG TTC ATAAAAAACGAG AGG 
ATGGC TGGTTCAAAGGCAC ATT AC AACGTAATGGGAAAACTGGCC TTTTCCCAGGAAGCTTTGTGGAAAA 
CATATGA 
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Figure 2: Human POSH Amino Acid Sequence (SEQ ID NO:2) (part 2) 



MDESALLDI*LECPVCLERLDASAKVLPCQHTFCK2<CLLGI 

RLLDG I KQRPWKPG PGGGSGTNC TNALR S QS STVANC S SKDL.Q S SQGGQQ PRVQS WS P PVRG I PQL PCAK 
ALYNYEGKEPGDLKF SKGD 1 1 1 LRRQVDENWYHGEVNG I HG FF PTNFVQ 1 1 KPL P Q P P PQCKAL YDFEVK 
DK EADKDC L P F AKDDVXi TV I RRVDENWAE GML ADK I G I FPI SYVEFNSAAKQL I EWDKPPVPGVDAGECS 
SAAAQSSTAPKHSDTKKNTKKRHSFTSLTMANKS3QASQNRHSMEI SPPVLI SSSNPTAAARISELSGLS 
CSAPSQVHISTTGLIVTPPPSSPVTTGPSFTFPSDVPYQAALGTLNPPLPPPPLLAATVIiASTPPGATAA 
AAAAGMGPRPMAGSTIXJIAHLRPQTRPSVYVAIYPYTPRKEDELELRKGEl^ 

S K X G VF PGNYVAP VTRAVTNAS Q AKVPMS T AGQT S RG V TMVS P S TAGG PAQKXi QGNGVAG S P SWPAAW 
S AAK I QT S PQ AKVXi LHMTG QMTVNQ ARN A VRTVAAHNQ ER P TAAVT P I QVQNAAG L. S P AS VGL S HH S L» AS 
PQPAPI^PGSATHTAAISISRASAPIACAAAAPLTSPSITSASLEAEPSGRIVTVL,PGL,PTSPDSASSAC 
GNS S ATK PDKDSKKEKKGLLK LLSGAS TKRKPRVS P PAS PTLEVELGS AEL» P LQGAVG PEL P PGGGHGRA 
GSC PVDGJDGPVTTAVAGAALAQDAFHRKASSIjDSAVPI APPPRQACS S LGPVLNESRPWCERHRVWSY 
PPQS EAEL ELKEGDI VFVHKKREDGWFKGTLQRNGKTGLFPGSFVENI 
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Figure 3: Human POSH cDNA Sequence (SEQ ID NO:3) 

C TGAGAGACAC TGCGAGCGGCGAGCGCGGTGGGGCCGC ATC TGC ATCAGCCGCCGCAGCCGC TGCGGGGC 
CGCGAACAAAGAGGAGGAGCCGAGGCGCGAGAGCAAAGTCTGAAATGGATGTTACATGAGTCATTTTAAG 
GGATGCACACAACTATGAAC ATTTC TGAAGATTTTTTC TCAGTAAAGTAGATAAAG ATGGATGAATC AGC 
CTTGTTGGATCTTTTGGAGTGTCCGGTGTGTCTAGAGCGCCTTGATGCTTCTGCGAAGGTCTTGCCTTGC 
CAGC ATACGTTTTGC AAGCGATGTTTGC TGGGG ATCGT AGGTTC TCG AAATGAAC TCAGATGTCCCGAGT 
GC AGGAC TC TTGTTGGCTCGGGTGTCGAGGAGC TTCCC AGTAAC ATC TTGCTGGTC AG ACTTC TGGATGG 
CATCAAACAGAGGCCTTGGAAACCTGGTCCTGGTGGGGGAAGTGGGACCAACTGCACAAATGCATTAAGG 
TC TC AGAGC AGC AC TGTGGCT AATTGTAGCTC AAAAGATC TGC AGAGCTCCCAGGGCGGAC AGCAGCC TC 
GGGTG C AATCCTGGAGCCCCCC AGTGAGGGGTATACCTC AGTTACCATGTGCC AAAGCGTTATAC AAC TA 
TGAAGGAAAAGAGCCTG<5AGACCTTAAATTCAGCAAAGGCGACATCATCATTTTGCGAAGACAAGTGGAT 
G AAAATTGG T AC C ATGGGG AAG TC AATGG AATCC ATGG C TTTTTC C C C AC C AAC TTTG TGC AG ATT ATT A 
AACCG TTACCTCAGCCCCCACC TC AGTGC AAAGC ACTTTATGACTTTGAAGTGAAAG AC AAGG AAGCAGA 
CAAAGATTGCCTTCCATTTGCAAAGGATGATGTTCTGACTGTGATCCGAAGAGTGGATGAAAACTGGGCT 
GAAGGAATGC TGGC AGAC AAAATAGGAATATTTC C AAT TTC AT ATGTTGAGTTTAACTCGGC TGCTAAGC 
AGCTGATAGAATGGGATAAGCCTCC TGTGCCAGGAGTTGATGC TGGAGAATGTTCCTCGGCAGCAGCCC A 
G AGC AGC AC TGCCCC AAAGC AC TCCGAC ACCAAGAAG AAC ACC AAAAAGCGGC AC TCC TTC AC TTC CC TC 
ACTATGGCC AAC AAGTC C TCCC AGGC ATCCC AGAACCGCC AC TC C ATGGAG ATC AGCCCCC C TGTC CTCA 
TCAGCTCCAGCAACCCCACTGCTGCTTCACGGATCAGCGAGCTGTCTGGGCTCTCCTGCAGTGCCCCTTC 
TC AGGTTC ATATAAGTACC ACCGGGTTAATTGTGACC CCGCCC CC AAG CAGCCC AGTG AC AAC TGGCCCC 
TCGTTTACTTTCCCATCAGATGTTCCCTACCAAGCTGCCCTTGGAACTTTGAATCCTCCTGTTCCACCAC 
CCCCTCTCCTGGCTGCCACTGTCCTTGCCTCCACACCACCAGGCGCCACC^ 

AATGGGACCGAGGCC C ATGGC AGGATCC ACTG ACC AGATTGC ACATTTACGGC CGC AGACTCGCC C C AGT 
GTGTATGTTGCTATATATCCATACACTCCTCGGAAAGAGGATGAACTAGAGCTGAGAAAAGGGGAGATGT 
TTTTAGTGTTTGAGCGCTGCCAGGATGGCTGGTTCAAAGGGACATCCATG^ 

TTTCCCTGGCAATTATGTGGCACCAGTCACAAGGGCGGTGACAAATGCTTCCCAAGCTAAAGTCCCTATG 
TCTAC AGCTGGCC AG AC AAG TCGGGGAGTGACC ATGGTC AGTCCTTCCACGGC AGGAGGGCC TGCCC AGA 
AGCTCCAGGGAAATGGCGTGGCTGGGAGTCCCAGTGTTGTCCCCGCAGCTGTGGTATCAGCAGCTCACAT 
CC AGAC AAGTCCTC AGGCTAAGGTC TTGTTGC AC ATGACGGGGC AAATGACAGTCAACCAGGC CCGCAAT 
GC TGTGAGGACAGTTGC AGCGCACAACC AGGAACGCCCC ACGGCAGC AGTG AC ACC CATCC AGGTAC AGA 
ATGCCGCCGGCCTC AGCCCTGC ATC TGTGGGCCTGTCCC ATCACTCGCTGGCC TCCCC AC AACCTGCGCC 
TCTGATGCCAGGCTCAGCCACGCACACTGCTGCCATCAGTATCAGTCGAGCCAGTGCCCCTCTGGCCTGT 
GCAGCAGCTGCTCCACTGACTTCCCCAAGCATCACCAGTGCTTCTCTGGAGGCTGAGCCCAGTGGCCGGA 
TAGTGACCGTTCTCCCTGGACTCCCCACATCTCCTGACAGTGCTTCATCAGCTTGTGGGAACAGTTCAGC 
AACC AAACC AGAC AAGGATAGCAAAAAAG AAAAAAAGGGTTTGTTGAAGTTGC TTTC TGGCGCCTCCAC T 
AAACGGAAGCCCCGCGTGTCTCCTCCAGCATCGCCCACCCTAGAAGTGGAGCTGGGCAGTGCAGAGCTTC 
CTCTCCAGGGAGCGGTGGGGCCCGAACTGCCACCAGGAGGTGGCCATGGCAGGGCAGGCTCCTGCCCTGT 
GGACGGGG ACGGACCGGTC ACG ACTGCAGTGGC AGG AGC AGCCC TGGCCC AGG ATGCT TTTC AT AGGAAG 
GCAAGTTCCCTGGACTCCGCAGTTCCCATCGCTCCACCTCCTCGCCAGGCCTGTTCCTCCCTGGGTCCTG 
TC TTGAATGAGTC TAG ACCTGTCGTTTGTGAAAGGCAC AG<^TGGTGGTTTCCTATCC TCCTC AGAGTGA 
GG C AGAACTTG AAC TTAAAGAAGGAGATATTGTGT TTGTTC ATAAAAAACGAGAGGATGGCTGGTTC AAA 
GGCAC ATTACAACGTAATGGGAAAACTGGC CTTTTCCC AGGAAGC TTTGTGG AAAACATATGAGGAG ACT 
GACACTGAAGAAGCTTAAAATCACTTCACACAACAAAGTAGCACAAAGCAGTTTAACAGAAAGAGCACAT 
TTGTGGACTTCCAGATGGTCAGGAGATGAGCAAAGGATTGGTATGTGACTCTGATGCCCCAGCACAGTTA 
CCCCAGCGAGCAGAGTGAAGAAGATGTTTGTGTGGGTTTTGTTAGTCTGGATTCGGATGTATAAGGTGTG 
CCTTGTACTGTCTGATTTACTACACAGAGAAACTTTTTTTTTTTTTTAAGATATATGACTAAAATGGACA 
ATTGTTTACAAGGCTTAACTAATTTATTTGCTTTTTTAAACTTGAACTTTTCGTATAATAGATACGTTCT 
TTGGATTATGATTTTAAGAAATTATTAATTTATGAAATGATAGGTAAGGAGAAGCTGGATTATCTCCTGT 
TGAGAGC AAG AGATTCGTTTTG AC ATAGAGTGAATGC ATT TTCCC C TC TC CTCCTCCCTGCTACC ATT AT 
ATTTTGGGGTTATGTTTTGC TTCTTTAAGATAGAAATC CC AGTTC TCT AATTTGGTTTTCTTC TTTGGGA 
AACCAAACATACAAATGAATCAGTATCAATTAGGGCCTGGGGTAGAGAGACAGAAACTTGAGAGAAGAGA 
AGTTAGTGATTCCC TCTCTTTC TAGTTTGGTAGGAATC ACCCTGAAGACC TAGTCCTC AATTTAATTG TG 
TGGGTTTTTAATTTTCCTAGAATGAAGTGACTGAAACAATGAGAAAGAATACAGCACAACCCTTGAACAA 
AATGTAT T T AG AAAT AT AT TT AGTT T TAT AGC AG AAG C AGC TC AATTG TT TGGTTGG AAAG TAGGG G AAA 
TTG AAGT TGTAGTC AC TGTCTG AG AATGGCTATGAAGC GTCATTTC AC ATTTTAC CCC AAC TGACCTGC A 
TGCCCAGGACACAAGTAAAACATTTGTGAGATAGTGGTGGTAAGTGATGCACTCGTGTTAAGTCAAAGGC 
TATAAG AAAC AC TGTGAAAAGTTC ATATTC ATCC ATTGTG ATTCT TTCCC C ACGTC TTGC ATGTATTACT 
GGATTCC CAC AG TAATATAGACTGTGCATGGTGTGTATATTTCATTGCGATTTCC TGTTAAGATGAGTTT 
GTAC TC AGAATTGACC AATTCAGG AGGTGTAAAAATAAAC AG TG TTCTC TTCTC TACC CCAAAGCCACTA 



-to be continued 
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Figure 3: Human POSH cDNA Sequence (SEQ ID NO:3) 

CTGACCAAGGTCTCTTCAGTGCACTCGCTCCCTCTCTGGCTAAGGCATGCATTAGCCACTACACAAGTCA 
TT AGTGAAAGTGGTC TTTT ATGTC C TC C C AGC AGAC AG AC ATC AAGG ATGAG TTAAC C AGGAG AC TACTC 
C TGTG AC TG TGGAGC TC TGG AAGGC TTGGTGGG AGTG AAT TTGC CC AC ACC TT AC AATTGTGGC AGG ATC 
C AGAAGAGCCTG TC TTT TTATATCC ATTCCTTGATGTC ATTGGCC TCTCCCACCGATTTCATTACGGTGC 
CACGC AG TC ATGG ATC TGGG TAGTCC GGAAAAC AAAAGG AGGG AAGAC AGC C TGGT AATG AATAAGATC C 
TT AC C AC AGTT TTC TC ATGGGAAATAC ATAAT AAACC C T T TC ATC TTTTTTTTT TTC C TTTAAGAATTAA 
AAC TGGGAAATAG AAAC ATG AAC TGAAAAGTC TTGC AATG AC AAGAGG TTTC ATGGTC T TAAAAAG ATAC 
TTTATATGGTTG AAGATG AAATC ATTCCTAAATTAAC C TTTTTTTTAAAAAAAAAC AATGTATATTATGT 
TC C TG TGTG T TG AATTTAAAAAAAAAAAAT AC TTTAC T TGGAT ATTC ATGTAAT ATATAAAGG TTTGG TG 
AAATGAACTTTAGTTAGGAAAAAG^TGGCATCAGCTTTCATCTGTGTAAGTTGACACCAA 
T ATTC TTT ATTTTG GGAAAT TAGTGT ATTTT AT AAAAATT TTAAAAAGAAAAAAGAC T AC TAC AGGTTAA 
GATAATTTTTTTAC CTG TCTTTTCTCC ATATTTTAAGCTATGTGATTGAAGTACCTCTGTTC ATAGTTTC 
CTGGTATAAAGTTGGTTAAAATTTCATCTGTTAATAGATCATTAGGTAATATAATGTATGGGTTTTCTAT 
TGGT TTTT TGCAGACAG TAG AGGG AGATTTTGT AAC AAGGGCTTGT TAC AC AG TGATATGGTAAT^ 

AATTGCAATTTATCACTCCTTTTCATGTTAATAATTTGAGGACTGGATAAAAGGTTTCAAGATTAAA 
TGATGTTC AAACC TTTGT 
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Figure 4: 5' cDNA fragment of human POSH (public gi: 10432611; SEQ ID NO:4) 

ctgagagacactgcgagcggcgagcgcggtggggccgcatctgcatcagccgccgcagccgctgcggggc 
cgcgaacaaagaggaggagccgaggcgcgagagcaaagtctgaaatggatgttacatgagtcattttaag 
gatgcacacaactatgaacatttctgaagattttttctcagtaaagtagataaagatggatgaatcagcc 
ttgttggatcttttggagtgtccggtgtgtctagagcgccttgatgcttctgcgaaggtcttgccttgcc 
agcatacgttttgcaagcgatgtttgctggggatcgtaggttctcgaaatgaactcagatgtcccgagtg 
caggactcttgttggctcgggtgtcgaggagcttcccagtaacatcttgctggtcagacttctggatggc 
atcaaacagaggccttggaaacctggtcctggtgggggaagtgggaccaactgcacaaatgcattaaggt 
ctcagagcagcactgtggctaattgtagctcaaaagatctgcagagctcccagggcggacagcagcctcg 
ggtgcaatcctggagccccccagtgaggggtatacctcagttaccatgtgccaaagcgttatacaactat 
gaaggaaaagagcctggagaccttaaattcagcaaaggcgacatcatcattttgcgaagacaagtggatg 
aaaattggtaccatggggaagtcaatggaatccatggctttttccccaccaactttgtgcagattattaa 
accgttacctcagcccccacctcagtgcaaagcactttatgactttgaagtgaaagacaaggaagcagac 
aaagattgccttccatttgcaaaggatgatgttctgactgtgatccgaagagtggatgaaaactgggctg 
aaggaatgctggcagacaaaataggaatatttccaatttcatatgttgagtttaactcggctgctaagca 
gctgatagaatgggataagcctcctgtgccaggagttgatgctggagaatgttcctcggcagcagcccag 
agcagcactgccccaaagcactccgacaccaagaagaacaccaaaaagcggcactccttcacttccctca 
ctatggccaacaagtcctcccaggcatcccagaaccgccactccatggagatcagcccccctgtcctcat 
cagctccagcaaccccactgctgctgcacggatcagcgagctgtctgggctctcctgcagtgccccttct 
caggttcatataagtaccaccgggttaattgtgaccccgcccccaagcagcccagtgacaactggcccct 
cgtttactttcccatcagatgttccctaccaagctgcccttggaactttgaatcctcctcttccaccacc 
ccctctcctggctgccactgtccttgcctccacaccaccaggcgccaccgccgccgctgctgctgctgga 
atgggaccgaggcccatggcaggatccactgaccagattgcacatttacggccgcagactcgccccagtg 
tgtatgttgctatatatccatacactcctcggaaagaggatgaactagagctgagaaaaggggagatgtt 
tttagtgtttgagcgctgccaggatggctggttcaaagggacatccatgcataccagcaagataggggtt 
ttccctggcaattatgtggcaccagtcacaagggcggtgacaaatgcttcccaagctaaagtccctatgt 
ctacagctggccagacaagtcggggagtgaccatggtcagtccttccacggcaggagggcctgcccagaa 
gctccagggaaatggcgtggctgggagtcccagtgttgtccccgcagctgtggtatcagcagctcacatc 
cagacaagtcctcaggctaaggtcttgttgcacatgacggggcaaatgacagtcaaccaggcccgcaatg 
ctgtgaggacagttgcagcgcacaaccaggaacgccccacggcagcagtgacacccatccaggtacagaa 
tgccgccggcctcagccctgcatctgtgggcctgtcccatcactcgctggcctccccacaacctgcgcct 
ctgatgccaggctcagccacgcacactgctgccatcagtatcagtcgagccagtgcccctctggcctgtg 
cagcagctgccccactgacttccccaagcatcaccagtgcttctctggaggctgagcccagtggccggat 
agtgaccgttctccctggactccccacatctcctgacagtgcttcatcagcttgtgggaacagttcagca 
accaaaccagacaaggatagc 
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Figure 5: N terminus protein fragment of hPOSH (public gi: 10432612; SEQ ID 
NO:5) 

MDESALLDLLECPVCLERLDASAKVLPCQHTFCKRCLl^ 

RLLDG IKQRPWKPGPGGGSGTNCTNALRSQS S TVANC S SKDL QS SQGGQQ PR VQ SWS PPVRG I PQLPCAK 
ALYNYEGKEPGDLKFSKGDI 1 1 LRRQVDENWYHGEVNG I HGFFPTNFVQ I IK PL PQP PPQCKALYDF EVK 
DKEADKDCL. PFAKDDVL TV I RR VDENWAEGML, ADK I G I FP I S YVEFNSAAKQLI EWDKFPVPGVDAGEC S 
SAAAQSSTAPKHSDTKKNTKKRHSFTSLTMANKSSQASQ 

CSAPSQVHISTTGLIVTPPPSSPVTTGPSFTFPSDVPYQAALGTL^PPLPPPPLLA^ 

MAAGMGPR PMAG S TDQ I AHLR PQTRP S VYVA I YP YT PRKEDEL ELRKGEMFLVF ERCQDGWFKGT SMHT 
SKIGVFPGNWAPVTRAVTNASQAKVPMSTAGQTSRGVTMVSPSTAGGPAQKI^JGNGVAGSPSVVPAAVV 
SAAH I QTSPQAKVLLHMTGQMTVNQARNAVRTVAAHNQERPTAAVTP IQVQNAAGLS PASVGL SHHSLAS 

PQPAPI^PGSATHTAAISISRASAPI^CAAAAPLTSPSITSASLEAEPSGRIVTVLPGLPTSPDSASSAC 
GNS SATKPDKDS 
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Figure 6: 3* mRNA fragment of hPOSH (public gi:7959248; SEQ ID NO:6) 

atttcatatgttgagtttaactcggctgctaagcagctgatagaatgggataagcctcctgtgccaggag 
ttgatgctggagaatgttcctcggcagcagcccagagcagcactgccccaaagcactccgacaccaagaa 
gaacaccaaaaagcggcactccttcacttccctcactatggccaacaagtcctcccaggcatcccagaac 
cgccactccatggagatcagcccccctgtcctcatcagctccagcaaccccactgctgctgcacggatca 
gcgagctgtctgggctctcctgcagtgccccttctcaggttcatataagtaccaccgggttaattgtgac 
cccgcccccaagcagcccagtgacaactggcccctcgtttactttcccatcagatgttccctaccaagct 
gcccttggaactttgaatcctcctcttccaccaccccctctcctggctgccactgtccttgcctccacac 
caccaggcgccaccgccgctgctgctgctgctggaatgggaccgaggcccatggcaggatccactgacca 
gattgcacatttacggccgcagactcgccccagtgtgtatgttgctatatatccatacactcctcggaaa 
gaggatgaactagagctgagaaaaggggagatgtttttagtgtttgagcgctgccaggatggctggttca 
aagggacatccatgcataccagcaagataggggttttccctggcaattatgtggcaccagtcacaagggc 
ggtgacaaatgcttcccaagctaaagtccctatgtctacagctggccagacaagtcggggagtgaccatg 
gtcagtccttccacggcaggagggcctgcccagaagctccagggaaatggcgtggctgggagtcccagtg 
ttgtccccgcagctgtggtatcagcagctcacatccagacaagtcctcaggctaaggtcttgttgcacat 
gacggggcaaatgacagtcaaccaggcccgcaatgctgtgaggacagttgcagcgcacaaccaggaacgc 
cccacggcagcagtgacacccatccaggtacagaatgccgccggcctcagccctgcatctgtgggcctgt 
cccatcactcgctggcctccccacaacctgcgcctctgatgccaggctcagccacgcacactgctgccat 
cagtatcagtcgagccagtgcccctctggcctgtgcagcagctgctccactgacttccccaagcatcacc 
agtgcttctctggaggctgagcccagtggccggatagtgaccgttctccctggactccccacatctcctg 
acagtgcttcatcagcttgtgggaacagttcagcaaccaaaccagacaaggatagcaaaaaagaaaaaaa 
gggtttgttgaagttgctttctggcgcctccactaaacggaagccccgcgtgtctcctccagcatcgccc 
accctagaagtggagctgggcagtgcagagcttcctctccagggagcggtggggcccgaactgccaccag 
gaggtggccatggcagggcaggctcctgccctgtggacggggacggaccggtcacgactgcagtggcagg 
agcagccctgggccaggatgcttttcataggaaggcaagttccctggactccgcagttcccatcgctcca 
cctcctcgccaggcctgttcctccctgggtcctgtcttgaatgagtctagacctgtcgtttgtgaaaggc 
acagggtggtggtttcctatcctcctcagagtgaggcagaacttgaacttaaagaaggagatattgtgtt 
tgttcataaaaaacgagaggatggctggttcaaaggcacattacaacgtaatgggaaaactggccttttc 
ccaggaagctttgtggaaaacatatgaggagactgacactgaagaagcttaaaatcacttcacacaacaa 
agtagcacaaagcagtttaacagaaagagcacatttgtggacttccagatggtcaggagatgagcaaagg 
attggtatgtgactctgatgccccagcacagttaccccagcgagcagagtgaagaagatgtttgtgtggg 
ttttgttagtctggattcggatgtataaggtgtgccttgtactgtctgatttactacacagagaaacttt 
tttttttttttaagatatatgactaaaatggacaattgtttacaaggcttaactaatttatttgcttttt 
taaacttgaacttttcgtataatagatacgttctttggattatgattttaagaaattattaatttatgaa 
atgataggtaaggagaagctggattatctcctgttgagagcaagagattcgttttgacatagagtgaatg 
cattttcccctctcctcctccctgctaccattatattttggggttatgttttgcttctttaagatagaaa 
tcccagttctctaatttggttttcttctttgggaaaccaaacatacaaatgaatcagtatcaattagggc 
ctggggtagagagacagaaacttgagagaagagaagttagtgattccctctctttctagtttggtaggaa 
tcaccctgaagacctagtcctcaatttaattgtgtgggtttttaattttcctagaatgaagtgactgaaa 
caatgagaaagaatacagcacaacccttgaacaaaatgtatttagaaatatatttagttttatagcagaa 
gcagctcaattgtttggttggaaagtaggggaaattgaagttgtagtcactgtctgagaatggctatgaa 
gcgtcatttcacattttaccccaactgacctgcatgcccaggacacaagtaaaacatttgtgagatagtg 
gtggtaagtgatgcactcgtgttaagtcaaaggctataagaaacactgtgaaaagttcatattcatccat 
tgtgattctttccccacgtcttgcatgtattactggattcccacagtaatatagactgtgcatggtgtgt 
atatttcattgcgatttcctgttaagatgagtttgtactcagaattgaccaattcaggaggtgtaaaaat 
aaacagtgttctcttctctaccccaaagccactactgaccaaggtctcttcagtgcactcgctccctctc 
tggctaaggcatgcattagccactacacaagtcattagtgaaagtggtcttttatgtcctcccagcagac 
aga ca tcaagga tgagttaaccaggagactactcc tgtgac t g t ggagc tc tggaaggc t tgg tgggag t 
gaatttgcccacaccttacaattgtggcaggatccagaagagcctgtctttttatatccattccttgatg 
tcattggcctctcccaccgatttcattacggtgccacgcagtcatggatctgggtagtccggaaaacaaa 
aggagggaagacagcctggtaatgaataagatccttaccacagttttctcatgggaaatacataataaac 
cctttcatctttttttttttcctttaagaattaaaactgggaaatagaaacatgaactgaaaagtcttgc 
aatgacaagaggtttcatggtcttaaaaagatactttatatggttgaagatgaaatcattcctaaattaa 
ccttttttttaaaaaaaaacaatgtatattatgttcctgtgtgttgaatttaaaaaaaaaaaatacttta 
cttggatattcatgtaatatataaaggtttggtgaaatgaactttagttaggaaaaagctggcatcagct 
ttcatctgtgtaagttgacaccaatgtgtcataatattctttattttgggaaattagtgtattttataaa 
aatttcaaaaagaaaaaagactactacaggttaagataatttttttacctgtcttttctccatattttaa 
gctatgtgattgaagtacctctgttcatagtttcctggtataaagttggttaaaatttcatctgttaata 
gatcattaggtaatataatgtatgggttttctattggttttttgcagacagtagagggagattttgtaac 
aagggcttgttacacagtgatatggtaatgataaaattgcaatttatcactccttttcatgttaataatt 
tgaggactggataaaaggtt tcaaga t taaaatttga tgttcaaacc 1 1 tg t 
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Figure 7: C terminus protein fragment of hPOSH (public gi:7959249; SEQ ID 
NO:7) 

I S YVEFNSAAKQLI EWDKPP VPGVDAGEC SS AAAQSSTAPKHSDTKKNTKKRHSPTSLTMANKS SQASQN 
RHSME I S PPVL I S SSNPTAAARI SELSGL, SC SAPSQVHI STTGI* I VTPP PS S PVTTGPSFTFPSDVPYQA 
ALGTLNPPLPPPPLLAATVLASTPPGATAAAAAAGMGPRPMAGSTDQIAHI/RPQTRPSVYVAIYPYTPRK 
EDEIjEI*RKGEMFL.VFERCQDGWFKGTSMHTSK IGVF PGNYVAPVTRAVTNASQ AKVPMSTAGQTSRG VTM 
VS P S T AGG PAQK L. QGNG VAG S PSWPAAW S AAH I Q T S P QAK VL.L HMTG QMTVNQ ARNAVRTVAAHNQER 
PTAAVTP IQVQNAAGLS PASVGLSHHSLAS PQPAPLiMPGS ATHTAAI S I SRAS APLAC AAAAPLTS PS I T 
SASLEAEPSGRIVTVLPGLPTSPDSASSACGNSSATKPDKDSKKEKKGLLKLLSGASTKRKPRVSPPASP 
TLEVEIX3SAEI#PLQGAVGPELPPGGGHGRAGSCPVIX3IX3PVTTAVAGAAIAQDAFHRKASSI*DSAVPIAP 
PPRQACSSLGPVLI^SRPWCERHRVWSYPPQSEIAELELKEGDIVFVHKKREDGWFKGTLQRNGKTGLF 
PGSFVENI 
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Figure 8: Human POSH full mRNA, Annotated Sequence (part 1) 



- gi| 10432611 |dbj | AK021429 . 1 | AK021429 Homo sapiens cDNA 

FDJ11367 fis, clone HEMBA1000303 , highly similar to Mus musculus 
Plenty of SH3s (POSH) mRNA 

_ g i|7959248|dbj | AB040927 . 1 | AB040927 Homo sapiens mRNA for 

KIAA1494 protein, partial cds 

- Both hPOSH and KIAA1495 

- Ring Domain 

- SH3 Domian 

- start codon and stop codon of predicted ORF 

CTGAGAGACACTGCGAGCGGCGAGCGCGGTGGGGCCGCATCTGCATCAGCCGCCGCAGCCGCTGCGGGGC 
CGCGAACAAAGAGGAGGAGCCGAGGCGCGAGAGCAAAGTCTGAAATGGATGTTACATGAGTCATTTTAAG 

ggatgcacacaactatgaacattt ctgaa gattttttctcagtaaagtagataaag hhb gatr.aatranr 
cttgttggatcttttggagHI 





gcaggactcttgttggctcgggtgtcgaggagcttcccagtaacatcttgctggtcagacttctggatgg 
catcaaacagaggccttggaaacctggtcctggtgggggaagtgggaccaactgcacaaatgcattaagg 
tctcagagcagcactgtggctaattgtagctcaaaagatctgcagagctcccagggcggacagcagcctc 
gggtgcaatcctggagccccccagtgaggggtatacctcagtta| 




Jtcggctgctaagc 

agctgatagaatgggataagcctcctgtgccaggagttgatgctggagaatgttcctcggcagcagccca 
gagcagcactgccccaaagcactccgacaccaagaagaacaccaaaaagcggcactccttcacttccctc 
actatggccaacaagtcctcccaggcatcccagaaccgccactccatggagatcagcccccctgtcctca 
tcagctccagcaaccccactgctgctgcacggatcagcgagctgtctgggctctcctgcagtgccccto?c 
tcaggttcatataagtaccaccgggttaattgtgaccccgcccccaagcagcccagtgacaactggcccc 

TCGTTTAC TTTCCCATC AG ATGTTC C C TAC C AAGC TGCCCTTGGAACTTTG AATCCTCC TCTTCC ACC AC 
CCCCTCTCCTGGCTGCCACTGTCCTTGCCTCCACACCACCAGGCGCCACCGCCGCCGCTGCTGCTGCTGG 
AATGGGACCGAGGCCCATGGCAGGATCCACTGACCAGATTGCACATTTACGGCCGCAGACTCGCCCC 




§AC AAGGGCGGTG AC AAATGCTTC CC AAGC TAAAG TCCC TATG 
TCTACAGCTGGCCAGACAAGTCGGGGAGTGACCATGGTCAGTCCTTCCACGGCAGGAGGGCCTGCCCAGA 
AGCTCCAGGGAAATGGCGTGGCTGGGAGTCCCAGTGTTGTCCCCGCAGCTGTGGTATCAGCAGCTCACAT 
CCAGACAAGTCCTCAGGCTAAGGTCTTGTTGCACATGACGGGGCAAATGACAGTCAACCAGGCCCGCAAT 
GCTGTGAGGACAGTTGCAGCGCACAACCAGGAACGCCCCACGGCAGCAGTGACACCCATCCAGGTACAGA 
ATGC C GC CGGCC TC AGC C C TGC ATC TGTGGGC CTGTCCC ATC ACTCGC TGG C C TCCCC AC AACC TGC GCC 
TC TGATGCCAGGCTCAGCCACGCAC AC TGCTGCCATCAGTATCAGTCGAGC CAGTGCCCCTCTGGCCTGT 
GCAGCAGCTGCTCCACTGACTTCCCCAAGCATCACCAGTGCTTCTCTGGAGGCTGAGCCCAGTGGCCGGA 
TAGTGACCGTTCTCCCTGGACTCCCCACATCTCCTGACAGTGCTTCATCAGCTTGTGGGAACAGTTCAGC 
AAC C AAACC AG AC AAGGATAGCAAAAAAG AAAAAAAGGGTTTGTTGAAGTTGC T TTCTGGCGCCTCC ACT 
AAACGGAAGCCCCGCGTGTCTCCTCCAGCATCGCCCACCCTAGAAGTGGAGCTGGGCAGTGCAGAGCTTC 
C TC TC C AGGG AGCGGTGGG GCCCG AAC TGC C ACC ACJG AGG TGG C C ATGG C AGGGC AGGC TCC TGCC C TGT 
GGACGGGGACGGACCGGTC ACGAC TGC AGTGGC AGG AGC AGCC C TGGCCCAGGATGC TTTTC ATAGG AAG 
GCAAGTTCCCTGGACTCCGCAGTTCCCATCGCTCCACCTCCTCGCCAGGCCTGTTCCTCCCTGGGTCCTG 
TCTTGAATGAGTCTAGACCTGTCGTTTGT 



3 AG ACT 

GACACTGAAGAAGCTTAAAATCACTTCACACAACAAAGTAGCACAAAGCAGTTTAACAGAAAGAGCACAT 



-to he continued 
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Figure 8: Human POSH full mRNA, Annotated Sequence (part 2) 



TTGTGGACTTCCAGATGGTCAGGAGATGAGCAAAGGATTGGTATGTGACTCTGATGCCCCAGCACAGTTA 
CCCCAGCGAGCAGAGTGAAGAAGATGTTTGTGTGGGTTTTGTTAGTCTGGATTCGGATGTATAAGGTGTG 
CCTTGTACTGTCTGATTTACTACACAGAGAAACTTTTTTTTTTTTTTAAGATATATGACTAAAATGGACA 
ATTGTTTACAAGGCTTAACTAATTTATTTGCTTTTTTAAACTTGAACTTTTCGTATAATAGATACGTTCT 
TTGGATTATGATT TTAAG AAATTATTAATTTATG AAATGATAGGTAAGGAGAAGC TGGATTATC TCCTGT 
TGAGAGCAAGAGATTCGTTTTGACATAGAGTGAATGCATTTTCCCCTCTCCTCCTCCCTGCTACCATTAT 
ATTTTGGGGTTATGTTTTGCTTCTTTAAGATAGAAATCCCAGTTCTCTAATTTGGTTTTCTTCTTTGGGA 
AACCAAACATACAAATGAATCAGTATCAATTAGGGCCTGGGGTAGAGAGACAGAAACTTGAGAGAAGAGA 
AGTTAGTGATTCCCTCTCTTTCTAGTTTGGTAGGAATCACCCTGAAGACCTAGTCCTCAATTTAATTGTG 
TGGGTTTTTAATTTTCCTAGAATGAAGTGACTGAAACAATGAGAAAGAATACAGCACAACCCTTGAACAA 
AATGTATTTAGAAATATATTTAGTTTTATAGCAGAAGCAGC TCAATTGTTTGGTTGGAAAGTAGGGGAAA 
TTGAAGTTGTAGTCACTGTCTGAGAATGGCTATGAAGCGTCATTTCACATTTTACCCCAACTGACCTGCA 
TGCCCAGGACACAAGTAAAACATTTGTGAGATAGTGGTGGTAAGTGATGCACTCGTGTTAAGTCAAAGGC 
TATAAGAAACACTGTGAAAAGTTCATATTCATCCATTGTGATTCTTTCCCCACGTCTTGCATGTATTACT 
GGATTCCCACAGTAATATAGACTGTGCATGGTGTGTATATTTCATTGCGATTTCCTGTTAAGATGAGTTT 
GTACTCAGAATTGACCAATTCAGGAGGTGTAAAAATAAACAGTGTTCTCTTCTCTACCCCAAAGCCACTA 
CTGACCAAGGTCTCTTCAGTGCACTCGCTCCCTCTCTGGCTAAGGCATGCATTAGCCACTACACAAGTCA 
TTAGTGAAAGTGG TC TTTT ATG TC CTCC C AGC AG AC AG AC ATC AAGG ATGAGTT AAC C AGG AGAC T AC TC 
CTGTGACTGTGGAGCTCTGGAAGGCTTGOTGGGAGTGAATTTGCCCACACCTTACAATTGTGGCAGGATC 
CAGAAGAGCC TGTCTTTTTATATCCATTCCTTGATGTC ATTGGCC TCTC CC ACCGATTTCATTACGGTGC 
CACGCAGTCATGGATCTGGGTAGTCCGGAAAACAAAAGGAGGGAAGACAGCCTGGTAATGAATAAGATCC 
TTACCACAGTTTTCTCATGGGAAATACATAATAAACCCTTTCATCTTTTTTTTTTTCCTTTAAGAATTAA 
AAC TGGGAAATAGAAACATGAAC TGAAAAGTC T TGC AATG AC AAG AGGTTTC ATGGTC T TAAAAAG AT AC 
TTTATATGGTTGAAGATGAAATCATTCCTAAATTAACCTTTTTTTTAAAAAAAAACAATGTATATTATGT 
TCCTGTGTGTTGAATTTAAAAAAAAAAAATACTTTACTTGGATATTCATGTAATATATAAAGGTTTGGTG 
AAATGAACTTTAGTTAGGAAAAAGCTGGCATCAGCTTTCATCTGTGTAAGTTGACACCAATGTGTCATAA 
TAT TC TTTAT TTTGGG AAATTAGTG TAT T T T AT AAAAATTT TAAAAAG AAAAAAG AC TACTACAGGTTAA 
GATAATTTTTTTACCTGTCTTTTCTCCATATTTTAAGCTATGTGATTGAAGTACCTCTGTTCATAGTTTC 
CTGGTATAAAGTTGGTTAAAATTTCATCTGTTAATAGATCATTAGGTAATATAATGTATGGGTTTTCTAT 
TGGTTTTTTGCAGACAGTAGAGGGAGATTTTGTAACAAGGGCTTGTTACACAGTGATATGGTAATGATAA 
AATTGCAATTTATCACTCCTTTTCATGTTAATAATTTGAGGACTGGATAAAAGGTTTCAAGATTAAAATT 
TGATGTTC AAACC TTTGT 
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Figure 9: Domain Analysis of Human POSH 



Domain Name 


begin 


end 


E-value 


RING 


12 


52 


1.06e-08 


SH3 


137 


192 


2.76e-19 


SH3 


199 


258 


4.84e-15 


low complexity 


366 


384 




low complexity 


390 


434 




SH3 


448 


505 


2.40e-19 


low complexity 


547 


563 




low complexity 


652 


668 




low complexity 


705 


729 




SH3 


832 


888 


1.47e-14 
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Figure 10: Diagram of Human POSH Nucleic Acids 
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Figure 11: Reduction in Full Length POSH mRNA by siRNA Duplexes 
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Figure 12: POSH Affects Release of VLP from Cells 
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Figure 13: Release of VLP from Cells at Steady State 
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Figure 14: Mouse POSH mRNA sequence (public gi: 10946921; SEQ ID NO: 8) 

/ 

GGGCAGCGGGCTCGGCGGGGCTGCATCTACCAGCGCTGCGGGGCCGCGAACAAAGGCGAGCAGCGGAGGC 
GCG AGAGC AAAGTCTGAAATGGATGTTACATGAATC AC TT TAAGGGC TGCGC AC AACTATGAACGTTC TG 
AAGCCGTTTTCTCACTAAAGTCACTCAAGATGGATGAGTCTGCCTTGTTGGACCTTCTGGAGTGCCCTGT 
GTGTCTAGAACGCCTGGATGCTTCCGCAAAGGTCTTACCCTGCCAGCATACCTTTTGCAAACGCTGTTTG 
C TGGGGATTGTGGGTTCCCGG AATGAAC TCAGATGTCC CG AATGCCGGACTC TTG TTGGCTC TGGGGTCG 
ACGAGC TCC C C AGTAAC ATCCTACTGGTC AGAC TTC TGGATGGCATC AAGC AGAGGCC TTGGAAACCC GG 
CCCTGGTGGGGGCGGCGGGACCACCTGCACAAACACATTAAGGGCGCAGGGCAGCACTGTGGTTAATTGT 
GGC TCGAAAGATC TGC AG AGC TCCC AGTGTGGAC AGC AGCCTCGGGTGC AAGCC TGGAGCC CCCC AGTGA 
GGGGAATACCTCAGTTACCGTGTGCCAAAGCATTATATAACTACGAAGGAAAAGAGCCCGGAGACCTTAA 
GTTCAGCAAAGGCGACACCATCATTCTGCGCCGACAGGTGGATGAGAATTGGTACCACGGGGAAGTCAGC 
GGGGTCCACG^CTTTTTCCCCACTAACTTCGTGCAGATCATCAAACCTTTACCTCAGCCCCCGCCTCAGT 
GCAAAGCACTTTACGACTTTGAAGTGAAAGACAAGGAAGCTGACAAAGATTGCCTTCCCTTCGCAAAGGA 
CGACGTACTGACCGTGATCCGCAGAGTGGATGAAAACTGGGCTGAAGGAATGCTGGCAGATAAAATAGGA 
ATATTTC C AATTTCATACGTGGAGTTTAAC TC AGC TGC C AAGCAGCTGATAGAGTGGGATAAGCCTCCC G 
TGCCAGGAGTGGACACGGCAGAATGCCCCTCAGCGACGGCGCAGAGCACCTCTGCCTCAAAGCACCCCGA 
C ACC AAGAAGAAC ACC AGGAAGCG AC ACTC CTTC ACC TCC C TCACC ATGGCC AAC AAGTCTTCCC AGGGG 
TCC C AGAAC C GCC AC TCC ATGG AGATC AGC CCTCC TGTGC TC ATC AGTTCC AGC AACCCCACAGCCGC AG 
CCCGCATCAGCGAACTGTCCGGGCTCTCCTGCAGCGCCCCGTCTCAGGTCCATATAAGCACCACTGGGTT 
AATTGTGACCCCACCCCCTAGCAGCCCGGTGACAACTGGCCCTGCGTTCACGTTCCCTTCAGATGTCCCC 
TACCAAGCTGCCCTTGGAAGTATGAATCCTCCACTTCCCCCACCCCCTCTCCTGGCGGCCACCGTACTCG 
CCTCCACCCCGTCAGGCGCTACTGCTGCTGTTGCTGCTGCTGCTGCCGCCGCCGCCGCTGCTGGAATGGG 
ACC C AGGCCTGTGATGGGGTC C TC TGAAC AGATTGC ACATTTACGGCCTC AGAC TCGTCCC AGTGTATAT 
GTTGCTATATATCCGTACACTCCCCGGAAGGAAGACGAACTGGAGCTGAGGAAAGGGGAGATGTTTTTGG 
TGTTTGAGCG TTGCC AGGACGGCTGGTAC AAAGGGAC ATCGATGC ATAC C AGC AAGATAGGCGTTTTCC C 
TGGC AAC T AT G TGGC GC C CGTC AC AAGGGC GGTG AC G AATG C C TC C C AAGC T AAAGTC TC T ATG TC T AC T 
GCGGGTCAGGCAAGTCGCGGGGTGACCATGGTCAGCCCTTCCACTGCAGGAGGACCTACACAGAAGCCCC 
AAGGAAACGGCGTGGCCGGAAATCCCAGCGTCGTCCCCACGGCTGTGGTGTCAGCAGCTCATATCCAGAC 
AAGTCC TC AGGCTAAGGTCCTGCTGCAC ATGTC TGGGCAGATGACAGTC AATC AGGCCCGC AATGC TGTG 
AGGAC AGTTGC AGC AC ATAGC C AGGAACGCCCC AC AGC AGC AGTGACTC CC ATC CAGGTCC AGAATGCCG 
CC TGCC TTGG TCCTGC ATCCGTGGGC CTGCCCCATC ATTC TCTGGC CTC CC AACCTC TGCC TCC AATGG C 
GGGTCCTGCTGCCCACGGTGCTGCCGTCAGCATCAGTCGAACCAATGCCCCCATGGCCTGCGCTGCAGGG 
GCTTCTCTGGCCTCCCCAAATATGACCAGTGCCATGTTGGAGACAGAGCCCAGTGGTCGCACAGTGACCA 
TCCTCCCTGGACTCCCCACATCTCCAGAGAGTGCTGCATCAGCGTGTGGGAACAGTTCAGCTGGGAAACC 
AGACAAGGACAGTAAGAAAGAAAAAAAGGGCCTACTGAAGCTGCTTTCTGGTGCCTCCACCAAACGCAAG 
CCCCGAGTCTCCCCTCCAGCATCACCTACCCTGGATGTGGAGCTGGGTGCTGGGGAGGCTCCCTTGCAGG 
GAGCAGTAGGTCC TGAGC TGC CGC TAGGGGGC AGCC ACGGC AGAGTGGGGTC ATGCCCCAC AGATGGTGA 
TGGTCCAGTGGCCGCTGGAACAGCAGCCCTAGCCCAGGATGCCTTCCACCGCAAGACAAGCTCCCTGGAC 
TCCGCAGTGCCCATTGCTCCACCACCTCGCCAGGCCTGCTCCTCCCTGGGCCCAGTCATGAATGAGGCCC 
GGCCTGTTGTTTGTGAAAGGCACAGGGTGGTGGTTTCCTACCCTCCTCAGAGTGAGGCCGAACTTGAACT 
C AAGG AAGG AG AT ATTG TGTTTGT TC AT AAG AAAC GAG AGGAC GGC TGG TTC AAAGGC ACGTT AC AG AGG 
AATGGGAAG AC TGGCC TTTTC C C AGGG AGCTTTGTGG AAAAC ATC TGAGAAG ACGGG AC ACGG AGAAAGC 
TTATC ATCACACC ACGTGTG AC T AAAG AGC AC AAAGC AGTTTC ATAGAAAGAGC AC ATC TGTGG ACTTC C 
AGATC TTC AAGAAC CGAGC AGAAGATGGGC ACCTGACTCC AG AGCCCCGGC C TGGTTACCCC AGGGGC AG 
AGGGAAGGAGGAC AC ACC TGTGTGGGTTCCGTC TCTCTGGGTTCTGATGTGT AAAGTGTGCCTTGTAATG 
TC TAATGGAC TTTAC AGATAAATGTCTTTTTTTTTTT AAGATGTATAAC TAAAATGGAC AATTGTTTACA 
AGGCTTAACT AATTTATTTGC TTTTTT AAAAC TTGAAC TTTC TTGT AATAGC AAAT 
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Figure 15: Mouse POSH Protein sequence (Public gi: 10946922; SEQ ID NO: 9) 

MDE SALLDLLEC PVCLERLDASAKVLPCQHTFCKRCLLG I VGSRNELRC PECRTL VG SGVDEL P SN I LLV 
RLLDG I KQR PWK PGPGGGGGTTC TNTLRAQG STWNCGSKDLQ S SQCGQQ PRVQAWS P PVRG I PQLPCAK 
AL» YNYEGKE PGDLKF SKGDT 1 1 LRRQVDENWYHGEVSGVHGFF PTNFVQ 1 1 KPL PQ PP PQCKAL YDFEVK 
DKEADKDCL PF AKDDVLTVIRRVDENWAEGMLADK IG I FPISYVEFNSAAKQL I EWDKPPVPGVDTAEC P 
SATAQSTSASKHPDTKKNTRKRHSFTSIiTMANKSSQGSQNRHSMEISPPVLISSSNPTAAARISEIjSGIiS 
CSAPSQVHI STTGL IVTPP PSS PVTTGPAFTFPSDVPYQAALG SMNPPLPP PPLLAATVLASTPSGATAA 
VAAAAAAAAAAGMG PR PVMGS S EQ I AHI*R PQTRPS VYVAI YP YTPRKEDEL ELRKGEMF L VFERCQDGWY 
KGT SMH T SK IG VF PGNYVAPVTRAVTNAS QAKVSMSTAGQAS RGVTMVS PS TAGG PTQK PQGNGVAGNP S 
WP TAWSAAH I QTS PQAK VLLHMSGQMTVNQARNAVRTVAAH S QER PTAAVTP I QVQNAAC LGPAS VGL 
PHHSLASQPLP PMAGPAAHGAAVSISRTNAPMACAAGASI^SPNMTSAMLETEPSGRTVT I LPGLPTS PE 
SAAS ACGNSS AGK PDKDSKKEKKGLLKLL SGASTKRK PRVS PPAS PTLDVE LGAGEAP L QGAVG P EL PLG 
GSHGRVGSC PTDGDG FVAAGTAALAQDAFHRKTS S LDS AVP I A PP PRQAC S SLGPVMNEARPWC ERHRV 
WS YP PQS EAELELKEGDI VFVHKKREDGWFKGTL QRNGKTGL FPGS FVENI 
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Figure 16: Drosophila melanogaster POSH mRNA sequence (public gi: 17737480; 
SEQEDNO:10) 



C ATTTGTATCCGC TTGGCC ACG AGC TTTGGC TGC ACTTGG C AAAC TTAATAAATT AAAC ATTG AATCC TG 
CCTATTGCAACGATAATATAATCTGATTTAGTGCATTAAGAACGACAAGTAGCGATTATAATAGTAGATT 
TTAGCATTTGAGCTAAATTTATTTCCCAACCGCGTCTTGGGATTGCGTATGCGTGAGCCAGTACCTGCAT 
GTGTGTGTGTTTTGGAATGTGGCCCTGCACGAAATTCAAATAGTGACCATCCTTGAGATTTTGCATACTG 
GC AAG ATGGACG AGC AC ACGTTAAACGAC CTGTTGGAGTG C TCCGTGTGTCTTG AGCG ACTGGAC ACC AC 
ATCGAAGGTGCTGCCATGCC AGC AC ACCTTCTGCC GC AAATGCTTGC AGK5ACATTGTGGC C AGTC AGC AC 
AAG TTGC G ATGC CC GG AGTGC C GC ATC C TGGTCTCTTGCAAAATTGATG AGC TGC CTCC AAAC GTCT TGC 
TGATGCGAATCTTAGAAGGCATGAAACAAAATGCAGCAGCTGGCAAAGGAGAAGAAAAGGGAGAGGAGAC 
TCAAACACAGCCGGAAAGGGCCAAACCTCAGCCGCCAGCGGAATCAGTGGCCCCGCCTGACAACCAACTA 
CTCCAGCTGCAGTCACATCAGCAATCTCATCAGCCGGCTCGTCACAAGCAACGTCGATTTCTACTCCCCC 
ACGCCTATGCC CTCTTTGACTTCGCCTCCGGTG AAGCC AC CGATCTAAAGTTCAAGAAAGGGGATCTGAT 
ACTGATCAAGCATCGCATCGACAACAACTGGTTTGTGGGTCAAGCGAATGGTCAGGAGGGCACATTTCCC 
ATCAACTACGTCAAGGTATCGGTTCCGCTGCCCATGCCGCAGTGCATTGCCATGTATGACTTTAAGATGG 
GGCCCAACGACGAGGAGGGATGCCTCGAATTTAAGAAAAGCACTGTAATACAGGTAATGCGCCGAGTTGA 
TC AT AATTGGGC AG AAGG ACG AATTGGC C AGAC C ATC GG AATC T T TC C AAT AGC ATTC G TTG AGC TG AAT 
GCAGCGGC C AAAAAGCTGTTGGAC AGCGGGCTAC AC AC CC ATCC ATTC TGCC ATCCAC CG AAGCAAC AGG 
GGCAGCGGGCCCTTCCTCCGGTTCCAGTTATTGATCCCACGGTGGTCACGGAATCCAGTTCGGGATCCTC 
CAATTCCACGCCGGGCAGCAGCAATTCAAGCTCCACATCCAGCTCGAATAACTGCAGTCCGAATCACCAA 
ATCTCACTGCCGAATACCCCCCAACATGTAGTAGCTTCCGGATCGGCGTCTGTTCGTTTCCGTGACAAGG 
GAGC AAAGGAGAAACGCC ACTC ACTAAATGCTTTGC TGGG AGGAGGAGCTCC ATTAAGTC TGC TGC AGAC 
CAACCGCCATTCGGCTGAAATTCTTAGCCTGCCCCATGAACTAAGCCGCTTGGAAGTTTCCAGCTCAACA 
GC TC TAAAACCC ACG TC AGCCCCAC AGAC ATCGC GTGTAC TTAAGACC AC TGT TC AGC AGC AG ATGC AAC 
CG AATTTAC CC TGGGGATACTT AGCCCTGTTC CC ATAC AAACCACGCC AAACGG ATG AGCTGGAATTAAA 
AAAGG G TTG TGTTTACATTGTGAC CG AAC G ATG TG TGG ACG G T TGGTTC AAGGG AAAAAAC TGG T TGGAC 
ATC AC TGGAGTGTTC CCGGGC AAC TACCTG ACGCCCCTGCGCGCC CGCGAC CAGC AGC AGTTAATGC ATC 
AATGGAAATATGTTCCCCAAAATGCAGACGCCCAGATGGCACAAGTACAGCAGCATCCAGTTGCACCAGA 
TGTGCG ACTC AAC AAC ATGC TGTCCATGC AAC CGCCTGATTTGCC AC CTCGTC AGC AGC AGGCTACCGCC 
ACGACCACCAGTTGCTCTGTGTGGTCGAAACCAGTGGAGGCGCTGTTCAGCAGAAAATCGGAGCCCAAGC 
CTGAAACTGCCACAGCTTCGACTACGAGCAGCAGTTCCTCTGGAGCAGTGGGACTTATGAGGAGATTAAC 
TC AC ATGAAAAC ACGCTC C AAATC TCCGGGAGCGTC C TTGC AGCAAGTTCCGAAAGAAGCTATTAGCAC A 
AATGTGGAAT TTAC AAC AAACCC ATC AGCTAAATTGC ATCC AG T AC ATGTAAGATCCGGCTCGTGCCC C A 
GTCAGCTGCAGCACAGTCAACCGCTCAATGAAACTCCAGCAGCCAAGACAGCGGCACAACAACAGCAGTT 
C C TACCC AAGC AGC TGCC TTCCGCTTCTACGAAC AGCGTTTCGTACGGATCGC AACGCGTG AAAGGAAGC 
AAGGAACGTCCTCACTTGATTTGCGCGAGACAATCATTAGATGCAGCTACATTTCGCAGTATGTACAACA 
ATGCCGCGTCGCCGCCGCCACCTACTACTTCCGTGGCCCCAGCTGTCTACGCCGGCGGTCAGCAACAGGT 
GATTCC TGGAGGTGGAGCGC AATCCC AG TTGC ATGCC AAT ATGATTAT TGC AC CC AGCC ATCGGAAGTCG 
C AC AG CC TAG ATGC GAG TC ATG TGC TG AGTC C C AGC AGC AATATGATC AC GGAGGC GGC C ATTAAGGC C A 
GCGCCACCACTAAGTCTCCTTACTGCACGAGGGAAAGTCGATTCCGCTGCATTGTGCCGTATCCACCAAA 
C AGTG AC ATTGAAC TAGAGC T AC ATTTGGGCG AC ATTATCTACGTCC AGCGGAAGCAGAAGAACGGCTGG 
TATAAGGGCACCCATGCCCGTACCCACAAAACCGGGCTGTTCCCCGCCTCCTTTGTTGAACCGGATTGTT 
AGGAAAGTTATGGTTCAAACTAGAATTTATTAAGCGAAATTCCAAATTACTTGTCTAAAAGGATTCAATC 
GTCGGTCTATTCGGGCTTCCAAATACGCAATCTCATATTTCTCTTTTCAAAAAAGAAACCGTTTTGTACT 
CTTCC AATCG AATGGGC AGC TC GCC GT/I^TAC TTTTTTATACAATGCT TG ATC AAAATAGGCTAGC C ATG 
TAAG AC TTAGGG AAC AGTTAC TT AAGCC TT AGCG ATTAGTTAGC TAGAGAAAT AATC TAACCG ATC C TTG 
TGCCCTCTACAAAGTTATTTGTAATATACGATACTCAGTAATAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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Figure 17: Drosophila melanogaster POSH protein sequence (public gi: 17737481; 
SEQH>NO:ll) 

MDEHTIJ^LLECSVCLERLDTTSKVLPCQHTFC^ 

RI LEGMKQNAAAGKGEEKGEETETQPERAKPQ PPAESVAP PDNQLLQtiQSHQQSHQ PARHKQRRFI*!* PHA 

YAL FDFAS GEATDLKFKKGDli IX* I KHR I DNNWF VGQANGQ EGTF P I NYVKVS VPL PM PQC I AMYDFKMG P 

NDEEGCLEFKKSTVIQVMRRVDHNWAEGRIGQTIGIFPIAFVELNAAAKKIjIjDSGLHTHPFCHPPKQQGQ 

RALPPVPVIDPTWTESSSGSSNSTPGSSNSSSTSSSNNCSPNHQISLPNTPQHWASGSASVRFRDKGA 

KEKPa^SLNALLGGGAPLSLLQT^^«^SAEILSLPHELSRLEVSSSTALKPTSAPQTSRVL 

L PWG YXiAL F PYKPRQTDKLELiKKG C VYI VTERCVDGWFKGKNWLD I TG VF PGNYLT PLRARDQQQLiMHQW 

KYV PQNADAQMAQVQQH PVAPDVRLNNML SMQ PPDL P PRQQQATATTTSC S VWSKPVEALF SRKSEPKPE 

TATASTTS S S S SGAVGLMRRLTHMKTRSKS PGASLQQVPKEAI STNVEFTTNPSAKLHPVHVRSGSC FSQ 

LQHSQPLNETPAAKTAAQQQQFLPKQLPSASTNSVSYGSQRVKGSKERPHLICARQSLDAATFRSMYNNA 

ASPPPPTTSVAPAVYAGGQCQVI PGGGAQSQLHANMX I APSHRKSHSLDASHVLS PSSNMITEAAXKASA 

TTKS PYCTRESRFRC I VPY PPNSDI ELELHLGD I 1 YVQRKQKNGWYKGTHARTHKTGLF PASFVEPDC 
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Figure 18: POSH Domain Analysis 



hPOSH protein sequence : 
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N terminus protein fragment of hPOSH (public gi: 1043 261 2): 
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C terminus protein fragment of hPOSH (public gi:7959249): 
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Mouse POSH Protein sequence (Public gi: 10946922): 
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Drosophila melanogaster POSH protein sequence (public gi.17737481) 
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Figure 20 
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Figure 21. PLD activity in medium of transfected cells 
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Figure 22. 
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Figure 23. 
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Figure 24. 
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Figure 25. 

H187-2 H153-1 
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Figure 26. 
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Figure 27. 
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Figure 28. PKA activity is required for HTV-1 virus release. 




Figure 29. hPOSH is phosphorylated by PKA. 
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Figure 30. Putative PKA phosphorylation sites in hPOSH. 



mdesalldllecpvclerldasjocvlpcqhtfckrcllgivgsrnelrcpecrtlvgsgveelpsnillv 
rt,t,dgikqrpwkpgpgggsgtnctnal rsqB stvancsskdlqssqggqqprvq1wsppvrgipql,pcak 
ai/raragkepgdi#kfskgdiiii*rrqvdenwyhgevngihgffot 
dkeadkixzlpfakddvxitvirkvldk 

SAAAQS STAPKHSDtIkkJMk^ 



s 

CSAPSQVHISTTGLIWPPPSSPVTTGPSFTFPSDVPYQAALGTLNPPLPPPPIiLAATVIiASTPPGATAA 
AAAAGMG PR PMAG S TD Q I AHLRPQTR P S VYVA.TYP YT PRKEDE1*EI*RKGEMFI*VFERCQDGWFKGTSMHT 

SKIGVF PGNYVAPV TRAVTN ASQAKVPMS TAGQT SRGVTMVS P STAGGPAQKLQGNGV AG S P S W PAA W 
S AAHIQTS PQAKVXiIjHMTGQMTVNQARNAVRTVAAHNQERPTAAVTP I QVQNAAGLS PAS VGLSHHSLxAS 
PQPAPliMPGSATHTAAISISRASAPI^CAAAAPI/TSPSITSASLEAEPSG 

GNSSATKPDKDSKKEKKGLLKLLSGASTKJIKPRVSPPASPTLEVELGSAELPLQGAVGPELPPGGGHGRA 
G§|C PVDGDG PVTT AVAGAALAQDAFHRKASsLDS AVP I APP PRQAC S SLGPVLNE S R PWCERHRVWSY 
PPQS EAEIjEI*KBGD X VFVHKKREDGWFKGTIjQRNGKTGIi p PGS FVEN I 
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Figure 31. Phosphorylation of hPOSH regulates binding of GTP-loaded Rac-1. 
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